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T he am ino-acid  com position  o f ge la tin  h as  been  
ex tens ive ly  stu d ied , b u t  u n ti l recen tly  litt le  a t t e n ­
tio n  h as  been  p a id  to  th a t  o f its  p recurso r collagen, 
th e  n a tu ra l p ro te in  o f sk in . Som e o f th e  analyses o f 
collagen w hich  hav e  been  re p o r te d  w ere carried  o u t 
b y  m ethods w hich  a re  now  considered u n sa tisfac to ry , 
a n d  in  no  case hav e  m o s t o f th e  m a jo r com ponent 
am ino-acids been  d e te rm ined  in  one sam ple o f th e  
p ro te in . F u r th e r , m o s t o f th e  analyses h av e  been  
m ad e  on  coUagens w hich h a d  been  g iven  an  alkaline 
or enzym e tre a tm e n t, or b o th , to  rem ove th e  
k e ra tin s , e lastic  fibres a n d  re ticu la r tissue  w hich 
occur in  close association  w ith  it , a n d  th e re  is a  r isk
th a t  such  tre a tm e n ts  w ill cause som e m odification  
o f th e  collagen.
F o r th e  p re sen t s tu d y , a  sam ple  o f collagen has 
been  p rep a red  w ith  th e  m in im um  of chem ical t r e a t ­
m en t, since i t  w as considered th a t  th e  p resence o f 
sm all am o u n ts  o f elastic  fibres a n d  re ticu la r tissue  
w ou ld  lead  to  less e rro r th a n  th e  tre a tm e n ts  neces­
sa ry  to  b rin g  ab o u t th e ir  rem oval. A lso, i t  seem s 
d o u b tfu l w h eth er i t  is possib le to  rem ove these 
p ro te in s com pletely  b y  a n y  o f th e  m ethods w hich  
h av e  been  suggested . O n th is  p rep a ra tio n  C hibnall 
a n d  his co llabora to rs (Chibnall, 1946; M acpherson, 
1946; R ees, 1946; T ris tram , 1946) have  de te rm ined
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th e  basic an d  hyd roxyam ino  acids, an d  th e  follow ing 
n e u tra l am ino-acids: a lan ine, leucine, isoleucine, 
va line , pheny la lan ine  a n d  p ro line ; th e  p resen t 
au th o rs  have  determ ined  to ta l  N , am ino  N , am ide N , 
g lu tam ic  a n d  a sp a rtic  acids, a n d  m etliionine.
T he ac id  an d  basic am ino-acid  co n ten ts  m ay  also 
be  deduced  from  th e  t i tr a t io n  curve o f a  p ro te in . 
T his p rocedure  has an  ad v an ta g e  over analysis for 
th e  in d iv idua l am ino-acids in  th a t  i t  gives m for- 
m a tio n  regard ing  th e  reac tiv e  g roups, including 
te rm in a l g roups, m  th e  in ta c t  p ro tem , an d  com ­
p arison  o f th e  re su lts  w ith  th o se  o b ta ined  b y  d irec t 
analysis can  g ive in fo rm ation  regard ing  th e  w ay  m  
w hich  th e  am ino-acids a re  linked  in  th e  p ro te in  
m olecule (C lnbnall, 1942 ; Carm an, K ib rick  & P a lm er, 
1941, 1942).
I t  m u s t be observed, how ever, th a t  th e  ti tr a tio n  
cu rv e  o f  a  fibrous p ro te in  on ly  gives an  ex a c t in ­
d ica tio n  o f th e  ti tr a ta b le  g roups w hen  i t  is d e te r ­
m ined  in  th e  presence o f sa lts  (Spealonan  & H irs t, 
1933; Jo rd a n  L loyd  & B idder, 1934; S te in h a rd t & 
H arris , 1940). T liis 'effect o f sa lt is due in  th e  first 
p lace to  its  influence on th e  D on n an  equ ilib rium . 
T he effective p H  value  fo r th e  equ ilib rium
ü:0OO“ -|-H+^Ai?COOH
is th e  p H  value  in  th e  p ro te in  phase  ; in  th e  absence 
o f sa lts  tliis  p H  v a lu e  is h igher th a n  th a t  in  th e  
ex te rn a l so lu tion , ex cep t a t  v e ry  low p H  values, an d  
so th e  b ind ing  o f h yd rogen  ions is less th a n  th a t  
corresponding  to  th e  ex te rn a l p H  value. I t  h as also 
been  suggested  (G ilbert & B idea l, 1944) th a t  
sto icheiom etric  b in d in g  o f hydrogen  ions b y  fibrous 
p ro te in s only  occurs w hen  som e an ions a re  also 
b o u n d  in  o rder to  lessen th e  large p o te n tia l w hich  
w ou ld  o therw ise ex is t be tw een  fibre an d  solution . 
T he ad d itio n  o f sa lts , b y  increasing  th e  concen tra tion  
o f  anions, w ill fac ilita te  tliis b ind ing , a n d  th u s  favou r 
sto icheiom etric  b ind ing  o f hyd rogen  ions (see also 
S te in h a rd t & H arris , 1940). S im ilar a rg u m en ts  ap p ly  
to  t i tr a t io n  -with alkali. T he concen tra tio n  o f sa lt 
necessary  for sto icheiom etric  b ind ing  depends on th e  
p ro te in ; w ith  collagen i t  h as  been show n to  be OTm 
or g rea te r (R e tte ro v a , p r iv a te  com m unication).
I n  th e  p re sen t in v es tiga tion  th e  t i tr a t io n  curve 
has been  d eterm ined  in  th e  absence o f sa lts, an d  also 
in  th e  presence o f O-ôM-sodium chloride.
M E T H O D S
Preparation of collagen. The back area of a freshly flayed 
ox hide was cut into pieces (c. 18 x 12 in.), which were 
washed m a revolving glass drum, first with water and then 
with 10 % NaCl for 30 min. The pieces were left stationary 
overnight in a fresh NaOl solution, drummed for 30 min. 
in this solution, washed in several changes of distilled water, 
and dehydrated with acetone. The grain layer (containing 
the hair roots, and the greater part of the muscle and elastic 
fibres) and a thin layer from the flesh side were split off.
and the remaining material out into 1 cm. cubes. The cubes 
were degreased with three changes of light petroleum 
(b.p. 40-60°) a t room temperature for 6 days, washed with 
successive changes of distilled water, and dehydrated with 
acetone. The purified collagen contained ash 0 03, moisture 
23 0 and grease <0 1% .
Analyses. Total N was determined by the method of 
Chibnall, Rees & Williams (1943), and amide N by the 
method of Bailey (1937) and Lugg (1938). The amino N 
was determined by the Van Slyke manometric procedure, 
using an auxiliary reaction vessel as described by Doherty & 
Ogg (1943). To ensure thorough wetting of the sample, the 
finely shaved collagen (0 15-0 20 g.) was placed in the 
extraction vessel with 2 ml. of water, the vessel evacuated 
while shaking, and left under vacuum overnight. The vessel 
was re-evacuated immediately before the determination.
Dicarboxylic acids were determined by the method of 
Consdon, Gordon & Martin (1948), and methionine by the 
method of Baernstein (1932).
Titration curves. Collagen (0 75 g.) was placed in 75 ml, 
of solutions containing measured volumes of HCl and NaOH 
in resistance glass vessels at 20°. For the titration curve in 
the presence of salt, sufficient NaCl was added to give a  
final Cl~ concentration of 0-5 M in the acid solutions, and 
a  final Na"*" concentration of 0-5 m in the alkaline solutions. 
After 3 days, in which time equilibrium was known to have 
been reached, samples were withdrawn for pH deter­
minations, and for titration with acid or alkali using 
bromocresol purple as indicator. When the final solution 
was too dilute for titration (between pH 3 and 11) the 
concentration of acid or alkali was obtained from the pH 
by the use of blank curves for water and for 0-5M-NaCl; 
this avoided the necessity of choosing suitable activity 
coefficients for the two systems. In  the more concentrated 
solutions, the amount of acid or base bound by the collagen 
is small compared with tha t remaining in solution, and 
larger samples of collagen (2 g. in 100 ml.) were used.
pH Values were determined at 20° using a glass electrode 
assembly mounted in a thermostat (Coates, 1945). pH 
values above 9 0 were determined with a glass electrode of 
low sodium error (Dole, 1941).
In determining the amounts of alkali bound, precautions 
were taken to avoid contamination with COg. The collagen 
was placed in the vessel shown in Fig. la , and the air 
displaced with CO^-free air passed in by the tube B. The 
solution of alkali was then added, the tube A  closed with 
a small rubber bung, and R by a rubber cap. Samples for 
titration were taken by inserting a pipette a t A, carrying 
a similar rubber Fung, and forcing the solution into this 
pipette by passing COg-free air into the vessel at B. The 
titration was carried out in a vessel through which a stream 
of COg-free air was continuously blown. In the deter­
mination of pH, the solution was forced up into the electrode 
vessel in a similar way (see Fig. 1 b), or, in the case of the 
electrode system mounted in the thermostat, a sample 
was transferred by means of a pipette.
The soluble N in some of the solutions below pH 2 0 and 
above pH 12 was determined by micro-Kjeldahl (Markham, 
1942) to give an indication of the extent of decomposition, 
but no attempt was made to apply a correction, owing to 
lack of information concerning the origin of this N.
Estimate of errors involved in the determination. Errors 
may arise from the following causes: (1) Difference in the 
pH value between the solution inside the collagen and the
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external solution. (2) Introduction of water with the 
collagen, thus increasing the total volume of solution. 
(3) Binding of water by the collagen, thus decreasing the 
amount of water available for solution of the acid or 
alkali. (4) Decomposition of the collagen, or liberation of 
groups not originally present in the native collagen.
T ab le  1. Soluble nitrogen derived fro m  collagen 
after 3 days' contact w ith  acid or a lkali
In the absence of salt
In the presence of 
0-5 M-NaCl
r
mg. N/g. ' mg. N/g.
pH collagen . pH coUagen
1 58 0-14 1-64 0-95
1-68 0-12 1-73 . 0-85
1-80 0-15 1 85 0-77
— — 2-00 0-69
— — 2-10 0-70
12-38 1-54 12-46 1-04
12-59 1-72 12-59 1-28
— .— 12-66 1-21 s
12-78 1-95 12-71 1-08
12-92 222 12-86 1-44
13-16 3-86 13-12 3-08
0 03 mmol./g., and at pH 2 0, 0-003 mmol./g. The fact that 
the curves show well-defined maxima in the acid and 
aLkaUne ranges confirms that the net error must be 
small.
The soluble N present in the solutions (see Table 1) 
indicates tha t decomposition of the collagen was small even 
in the most acid and alkaline solutions. The chief source of 
this N is probably NH, from hydrolysis of amide groups. 
Under the conditions of the experiment the greater part 
of this NHj WÜ1 be titrated with acid, thus compensating 
for the alkali bound by the freed carboxyl groups, and 
hence such decomposition wül not affect the calculation of 
the amount of alkaU bound by the original coUagen.
B E S U L T S  
A m ino-acid  composition
T he collagen, p rep a red  as described, m a y  be  con­
sidered  to  be a  reaso n ab ly  p u re  sam ple. O f th e  o th e r 
p ro te in s  a n d  tissues p re sen t in  th e  fresh  sk in , 
a lbum ins a n d  globulins w ill be  rem oved  b y  t r e a t ­
m e n t in  sod ium  chloride so lu tion  (K ritz inger, 1948), 
a n d  th e  g rea te r p a r t  o f  th e  k e ra tin s , e lastic  fibres.
Pipet te
Rubber  cap # #
m
(0)
Fig. 1. Apparatus used for the determination of titration curves.
To pH m e te r
The first of these errors will be appreciable in the absence 
of salt, and may in part be the cause of the difference in the 
shape of the curves obtained with and without salt. In  the 
presence of 0-5M-NaCl it is neghgible (Retterova, private 
communication). Since the second source of error partially 
compensates for the third, no correction was made for it. 
As the volume of solution is large compared with the 
amount of collagen, the net error must always be small. 
Assuming the collagen binds 50% of water (Cheshire & 
Holmes, 1942), the error a t pH I would be of the order of
m uscle fibres, sw eat g lands, f a t  cells, e tc . w ill be 
rem oved  w ith  th e  g ra in  lay e r (D em psey, 1946). T he 
rem ain ing  im purities a re , therefo re , a  sm all a m o u n t 
o f re tic u la r tissue  a n d  som e e lastic  fibres, th e  
p resence o f w hich  shou ld  n o t g rea tly  affect th e  
resu lts  ob ta ined .
T he to ta l  N  o f th e  p re sen t coUagen p rep a ra tio n  
is r a th e r  h igher th a n  th e  value  generally  q u o ted  for 
sk in  collagen, b u t  is th e  sam e as th a t  o b ta ined  b y
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T ab le  2. A nalyses o f collagen
N as % g./lOO g. mmol./g.
protein N coUagen coUagen
Total N — 18-6 —
Amide N 3-5 0-66 047
Amino N 2 5 046 033
Methionine 0 4 0 8 005
Aspartic acid 3 6 63 047
Glutamic acid 6 8 11 3 0 77
B ergm ann  & S te in  (1939) fo r ox-hide ten d o n  p re ­
p a red  in  a  sim ilar m aim er. E a rlie r  values for sk in  
collagen h av e  been  de te rm ined  on m a te ria l w hich 
h as  h a d  som e tre a tm e n t (alkaline or enzym ic) likely 
to  lead  to  loss o f n itrogen  from  am ide or guanid ino
T he values for th e  d icarboxylic  acids are  consider­
ab ly  h igher th a n  those  o b ta ined  b y  D a ld n  (1920) for 
ge la tin , a n d  Schneider (1940) for collagen, an d  a re  
o f th e  sam e o rder as values recen tly  ob ta in ed  for 
g e la tin  b y  m icrobiological m ethods (H ac & Snell, 
1945; S tokes & G m m ess, 1945; Lewes & O lco tt, 
1945; H ac , Snell & W illiam s, 1945; H ier, G raham , 
F riedes & lO ein , 1945). G ale (1945), using  a  specific 
decarboxylase, fom id a n  average  va lue  o f 1 0 %  
g lu tam ic  ac id  fo r th is  an d  o th e r sim ilar sam ples of 
collagen p rep a red  by  th e  p resen t au th o rs . T his va lue  
is likely  to  be low ow ing to  racem iza tion  o f th e  
g lu tam ic  ac id  du ring  hydro lysis (Gale, 1945).
T he m eth ion ine  c o n ten t o f th e  p resen t collagen is 
low er th a n  th a t  q u o ted  b y  B aern ste in  (1932) for
0 9-
0 8 -
0 7 - In th e  absence of  added salt , 
In th e  p resence  of  O SM-NaCI
^  0 5-
8
^  04-
I  0 3 -
I
oz
0 2-
o
I  0 0-
0 2 -
0 3-
04-
05
Final pH
Fig. 2. Titration curves of collagen with and without sodium chloride.
g roups. T he am ide  N  is considerab ly  h igher th a n  
values q u o ted  for ge la tin  (D akin, 1920; C hibnall,
1942), p resu m ab ly  because ge la tin  is u sua lly  m ade  
u n d e r conditions o f a lk a h  tr e a tm e n t w hich  favou r 
th e  b reakdow n  o f th e  am ide groups (H ighberger & 
S tecker; 1941; A m es, 1944). T he am ino  N  is o f th e  
sam e order as va lues ob ta in ed  b y  R u th e rfo rd , H arris  
& S m ith  (1937) a n d  K an ag y  & H arris  (1935) for 
h ide  pow der.
gela tin , b u t  is in  good ag reem en t w ith  recen t m ic ro ­
biological d e te rm in a tio n  on  g e la tin : H o rn , Jo n es  & 
B lum  (1946), 0-78 %  ; L y m an , M oseky, B u tle r, W ood 
& H a le  (1946), 0-88 an d  0 83 % .
Titra tion  curves
As in  p rev ious t i tr a t io n  curves o f collagen an d  
o th e r fibrous p ro te in s , th e  cu rve  in  th e  absence o f 
sa lt show s a  b ro ad  isoelectric ran g e  in  w hich  no
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com bination  w ith  acid  or a lka li tak e s  p lace , an d  th e  
ac id  a n d  alkaline  po rtio n s o f th e  cu rve  a re  sh ifted  
to  low er an d  h igher p H  values respective ly  (Fig. 2). 
I n  th e  presence o f sod ium  chloride, how ever, th e re  
is a  defin ite isoelectric p o in t a t  p H  6 6 -6  8, an d  th e  
cu rve  approaches th a t  o f a  so luble p ro te in . T he 
cu rve  show s clearly  defined ac id  a n d  base-b ind ing  
m ax im a  o f  0 90 a n d  0 36 m m ol./g . o f collagen a t  
p H  1*5 a n d  12 6 respectively .
I n  co n tra s t to  th e  findings o f T heis & Jaco b y  
(1941c; 19426), w ho used  collagen w hich  h a d  been 
g iven  a  p re lim in ary  a lkaline  tre a tm e n t, th e  acid- 
b ind ing  m ax im um  is g rea te r in  th e  presence o f sa lt 
th a n  in  its  absence, an d  th e re  is li tt le  ind ica tion  th a t  
th e  tw o c iuves w ould  m ee t if  ex ten d ed  to  low er p H  
values. T here  is also a n  in d ica tio n  th a t  m ax im um  
base b ind ing  is less in  th e  absence o f sa lt.
P rev ious ti tr a t io n  curves o f collagen, a ll of w hich  
w ere d e te rm ined  on collagen w hich  h a d  received 
e ith e r a n  a lkaline  or enzym ic tre a tm e n t, show  iso­
elec tric  p o in ts  betw een  6 4 a n d  7-9 (Theis & Jaco b y , 
1940, 1941a, 6 , c; 1942a, 6 ; 1943a, 6 ; A tld n , 1937), 
a n d  in  those  curves w here defin ite m ax im a  can  be dis - 
tingu ished  (Theis & Jaco b y , 1941c, 1942 a, 1943 a , 6), 
a n  ac id -b ind ing  cap ac ity  o f 0*85-0-90 m m ol./g ., an d  
a  base-b ind ing  cap ac ity  o f 0 38-0  45 m m ol./g . T he 
curves o f  a lk a li- tre a ted  collagen, a ll show  an  a p ­
prec iab le  base-b ind ing  cap ac ity  in  th e  p H  range  
6- 8 , w hich is ab sen t in  th e  p resen t curve ; th is  is also 
ch arac te ris tic  o f t i tr a t io n  curves o f ge la tin , an d  m ay  
be  a tt r ib u te d  to  increase in  th e  n u m b er o f carboxyl 
g roups resu ltin g  from  hydro lysis o f am ide  groups. 
T he p re sen t cu rve  can  be  d iv ided  in to  th ree  portions, 
p H  1 5 -4  9, 4 9 -9  6, a n d  9 6 -12  5, an d  from  con­
sid e ra tio n  o f th e  p ro b ab le  p K ’s o f  th e  groups 
invo lved , m a y  be  in te rp re te d  as in d ica ted  in  
T ab le  3. '
I t  is n o t possible to  d is tingu ish  sep a ra te  sections 
o f  th e  cu rve  due to  t i tr a t io n  o f th e  im idazole an d  
a-am ino  groups, as th ese  a re  p re sen t in  sm all 
a m o u n ts  a n d  do n o t differ g rea tly  in  p K  (im idazole, 
p K  5 5 -6  5; a-am ino , p K  7*5-8-5 (Cohn & E dsall,
1943)). Since collagen con ta in s a  h ig h  p ro p o rtio n  o f 
p ro h n e  an d  hyd roxypro line , i t  is possible th a t  th e re  
a re  som e te rm in a l im ino as w ell as a-am ino  groups, 
a n d  these  w ill t i t r a te  in  a  sim ilar p H  range  (imino o f 
p ro line , p K  9 7 ; im ino o f hydroxyp ro line , p K  10 1 
(Cohn & E dsall, 1943)). I t  w as also n o t possible to  
assign a n y  p o rtio n  o f th e  cu rve  to  t i tr a t io n  o f 
phenohc h y d ro x y l g roups, an d  in  v iew  o f th e  sm all 
a m o u n t o f ty ro sine  in  collagen a n d  th e  d o u b t con­
cern ing  th e  e x te n t to  w hich  i t  t i t r a te s  (F ru to n  & 
L av in , 1939; S te in h a rd t, 1939; N euberger, 1943) i t  
h as  been  o m itted  from  th e  analysis o f th e  curve.
T here  is no in d ica tion  th a t  th e  guan id ino  group  is 
t i t r a t in g  in  th e  p H  range  covered, an d  th e  p K  o f th is  
g roup  in  collagen m u s t be  g rea te r th a n  14. A  sim ilar 
o b se rv a tio n  has been  m ade  b y  L ich ten ste in  (1940) 
in  connexion  w ith  th e  t i tr a t io n  cu rve  o f ge la tin .
D ISC U SS IO N
As fa r  as is know n to  th e  p re sen t au th o rs , th e  figures 
for to ta l  N , am ide  N  a n d  am ino  N  a re  th e  f irs t to  be 
re p o r te d  on  skin collagen w hich  h as  received  no  
alkaline  or enzym ic tre a tm e n t, a n d  i t  is n o t s u r ­
p rising , therefo re , th a t  th e  values fo r th e  f irs t tw o a re  
h igher th a n  those  generally  q u o ted  fo r collagen.
T h e  free am in o N  as d e te rm ined  b y  th e  V an  Slyke 
m e th o d  a n d  th e  n u m b er o f e- a n d  a-am ino  groups 
deduced  from  th e  t i tr a tio n  cu rve  (see T ab le  3) a re  
in  close ag reem en t, b u t  ap p rec iab ly  less th a n  th e  
v a lu e  in d ica ted  b y  d e te rm in a tio n  o f th e  lysine a n d  
h y d roxy ly sine  in  th e  basic  am ino-acid  frac tio n  o f
T ab le  3. A n a ly s is  o f titration curve
p K
Amount present 
(mmol./g.)
Groups titrating ,
from From From
Method of calculation curve curve analysis
(a) Total basic groups Titration from 16 to isoelectric point — . 090 094
(b) Imidazole 006
Imino
a-Amino
• Titration from 4 9 to 9 6 - 7 6 0 07
033
(c) e-Amino* Titration from 9 6 to 12 6 11 0 034 - 039 • (Van
Slyke)
i d ) Free carboxyl Titration fr om 16 to 4 9 3 6 0-87 0 79
(e) a-Amino 4-imino (6) -  0 05 mmol, imidazole groups — 002 "
i f ) Guanidino (o) -  (b) -  (c) >14 049 051
i g) Amide From analysis — , — 047
{h) Dicarboxylic acids (d )H -((7 )-(e) t • — 1 32 126 .
* Including the side-chain NHg group of hydroxylysine. The pK of the amino group not a to the carboxyl group in 
hydroxylysine is 9 60 as compared with 10 3 for the e groups of lysine under the same conditions (Van Slyke, Hiller, 
MacFadyen, Hastings & Klemperer, 1940), and it may be assumed to titrate in approximately the same range as the 
e-amino groups of lysine.
•f I t  is assumed that terminal carboxyl groups are equivalent to a-amino -f-imino groups.
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th e  hyd i’o lysa te  (M acpherson, 1946). I t  is possible 
th a t  in  th e  in ta c t p ro te in  som e of th e  e-ainino groups 
a re  bo u n d  in to  th e  p o lypep tide  chain  or fo r som e 
reason  n o t availab le  for reac tio n , or a lte rn a tiv e ly  
th e  an a ly tica l figure m ay  be  too  h igh . T he lysine N  
w as de te rm ined  b y  difference (to ta l N  o f basic 
frac tio n  m inus arg in ine, h is tid ine  an d  h y d ro x y ­
lysine N ), an d  hence is su b jec t to  a  cum u la tive  error.
oxylic acids a re  boim d, or th a t  th e re  is an y  a p p re ­
ciable n u m b er o f te rm in a l am ino  or carboxy l 
groups.
T he an a ly tic a l re su lts  o b ta in ed  in  th is  in v es ti­
ga tion , to g e th e r w ith  those  p rev iously  o b ta ined  
(C hibnall, 1946; M acpherson, 1946; R ees, 1946; 
T ris tram , 1946) on th e  sam e sam ple o f collagen, are  
g iven  in  T able  4.
T ab le  4. Composition o f collagen
(5) (7)
Minimum (6) Apparent
(3) mol. wt. Assumed minimum
(1) (2) As g. (4) calc, from number mol. wt.
N  as % As residues/ As data in of calc, from
Amino-acid protein N g./lOOg. 100 g. mmol./g. (1) residues (5) and (6)
Total N — . 18-6 a — — — — —
Amino N 2-5 o 0-46 ' —■ 0-33 —' — —
Glycine 26 3 c 26 2 ■ 19-9, 3-50 286 136 38,880
Alanine 8-0 6 96 7-6 1-06 941 41 38,680
Leucine ) 
Isoleucine ) 3 26 6 6 4-8 0-42 2,350 17 39,950
Valine 2 26 3-L 2-9 0-29 3,420 11 37,620
Phenylalanine 1 96 0.-S 3-7 0-25 3,960 10 39,600
Tyrosine 0 66 1-4 1-3 0-08 12,540 3 37,620
Tryptophan 0-0 d 0-0 0-0 0-00 — — —
Serine 2 66 3 4 2-7 0-33 3,010 13 39,130
Threonine 166 2-4 2-0 0-20 6,020 8 , 40,160
Cystine 0-0 e 0-0 0-0 0-00 — — ■—
Metliionine 0*4 a 0-8 . 0-7 0-05 18,820 2 37,640
Proline 9 96 15 1 12-7 1-32 760 61 38,760
Hydroxyproline 8-0 c 14-0 12-1 1-07 941 , 41 38,580
Lysine 4 76 4-6 4-0 0-31 3,200 12 38,400
Hydroxylysine 1 26. 13 11 0-08 12,560 3 37,680
Arginine 15-36 8-8 ■ 7-9 0-61 1,969 20 39,380
Histidine 1-26 0-8 0-7 0-05 18,820 2 37,640
Aspartic acid 3 6 a 6-3 6-6 0-47 2,092 19 39,750
Glutamic acid 6 8 a 11-3 10-0 0-77 1,297 30 38,910
Amide N 3 6 a 0-66 — 0-47 2,167 18 38,740
Total found 998 119-00* 99-6* 10-76* ,— 419 38,730,
(mean)
* Excluding amide N.
(o) Determined by present authors.
(6) Determined by Chibnall and collaborators on the same sample of collagen, 
(c) Bergmann & Stein (1939). ‘ ,
\d) Block & Bolling (1945).
(c) Baernstein (1930).
T he values ob ta in ed  b y  th e  p re sen t au th o rs  for 
th e  d icarboxy lic  acids a re  50 %  h igher th a n  th e  
ea rh e r va lues o f D ak in  (1920), an d , a lth o u g h  p ro ­
b ab ly  still a n  underes tim a te , a re  th e  b e s t va lues a t  
p re se n t availab le  for collagen. (Consden et al. (1948) 
re p o r t  91 an d  9 6 %  recoveries o f g lu tam ic  an d  
a sp a r tic  acids, respective ly , from  sy n th e tic  m ix tu res  
sim u la tin g  wool, ) I f  a  correction  based  on th e  re su lts  
o f C onsden et al. (1948) on wool is app lied , th e  to ta l  
d ica rboxyhc  ac id  c o n te n t agrees w ell w ith  th a t  
deduced  from  th e  t i tr a t io n  curve.
W ith  th e  excep tion  o f th e  e-am ino groups of 
lysine, th e  values deduced  from  th e  t i tr a t io n  curve 
a re  in  ag reem en t w ith  those  o b ta in ed  b y  analysis, 
a n d  th e re  is no  in d ica tio n  th a t  a n y  o f  th e  o th e r 
reac tiv e  side-chain  groups o f th e  basic or d icarb -
F ro m  a  su rvey  o f th e  lite ra tu re , i t  is e v id en t th a t  
o f th e  rem ain ing  am ino-acids, try p to p h a n  an d  
cystine  a re  ab sen t, b u t  th a t  glycine a n d  h y d ro x y ­
p ro line a re  p re sen t in  considerable am o u n ts . V alues 
for these  la s t tw o h av e  been  se lected  from  th e  
li te ra tu re  to  com plete  th e  a tte m p te d  su rv ey  o f  th e  
am ino-acid  com position  o f collagen given below . O f 
these , th e  figure for h y d roxyp ro line  is m o s t likely  
to  be  in  e rro r; th e  m e th o d  u sed  is n o t en tire ly  
rehab le  a n d  th e  de te rm in a tio n  w as m ad e  on gela tin .
W hen  th e  cornposition o f collagen w as considered 
b y  B raybrookes (1939) an d  b y  B ow es (1943) th e  
analysis w as incom plete . T he h igher figures now  
o b ta in ed  for som e o f th e  am ino-acids, n o ta b ly  
p h eny la lan ine  an d  th e  d ica rboxyhc  acids, a n d  th e   ^
ad d itio n  o f valine, th reon ine , serine, an d  hyd roxy -
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lysine to  th e  lis t o f am ino-acids p resen t in  appreciable 
am oun ts , have  now  m ade  u p  th e  deficiency. U sing 
th e  values g iven  in  T ab le  4, i t  is now  possible to  
accovm t for over 99 %  o f th e  to ta l  N  o f collagen (see 
col. 1), a n d  th e  sum  o f th e  am ino-acid  residues 
(col. 3) approaches 100. T he analysis o f collagen is, 
therefo re, v ir tu a lly  com plete. A lthough  th e  values 
o f som e o f th e  am ino-acids m ay  be ad ju s ted  shgh tly  
as a  re su lt o f  im proved  m ethods o f analysis; i t  is 
un likely  th a t  an y  g rea t changes in  th e  values will be 
m ade, or th a t  o th e r am ino-acids w ill be found to  be 
p re sen t in  im p o rta n t am oun ts.
C alcu lation  o f th e  m in im um  m olecular w eight 
from  th e  d a ta  in  cols. 1, 5 an d  6 gives a  value of 
ab o u t 39,000. E a rh e r calcu la tions from  th e  com ­
position  o f ge la tin  h av e  g iven  figures o f 10,300 
(Jo rd an  L loyd , 1920), 10,000-12,700 (Cohn, H end ry  
& P ren tiss , 1925), an d  34,500 (A tkin , 1933).
T he m ean  residue w eigh t ca lcu la ted  b y  sum m ation  
from  th e  d a ta  in  T able  4
S  w t. o f am ino-acid  residues / 100 g. p ro tein  
. S  g. residues / 100 g. p ro te in
is 92 6 , an d  th e  sam e va lue  is o b ta in ed  by  calculation  
from  th e  N  d is tr ib u tio n  (Chibnall, 1942). F rom  
X -ra y  d a ta  an d  th e  den sity  o f d ry  gela tin  A stbu ry
(1940) o b ta ined  a  va lue  o f 94 for th e  average residue 
w eigh t in  ge la tin . T ak ing  39,000 as th e  m ean  m ole­
cu lar w eigh t an d  92-6 as th e  average  residue w eight, 
th e  n u m b er o f residues/m olecule is 421, o f w hich 
419 hav e  been  iden tified  (col. 6 , T ab le  4).
SU M M A RY
1. C ohagen h as  been  p rep a red  from  ox h ide w ith  
th e  m in im um  of chem ical tre a tm e n t. T he to ta l  N
an d  am ide  N  co n ten ts  of th e  collagen are  h igher th a n  
th o se  p rev iously  rep o rted . T he g lu tam ic  an d  a sp a rtic  
ac id  co n ten ts  a re  n ea rly  double th e  values qu o ted  b y  
D ak in  (1920) for ge la tin . .
2. T he t i tr a tio n  cu rve  o f th is  coUagen h as  been  
in te rp re te d  in  te rm s o f th e  t i tr a ta b le  g roups, a n d  th e  
values deduced  a re , in  general, in  ag reem en t w ith  
th o se  o b ta in ed  b y  d irec t analysis, an d  ind ica te  th a t  
th e  side-chain  groups o f th e  basic a n d  d icarboxyhc 
acids a re  free, a n d  th a t  th e  n u m b er o f te rm in a l 
g roups is smaU.
3. I t  is now  possible to  acco u n t fo r over 
9 9 %  o f th e  n itro g en  in  collagen, a n d  i t  is con­
sidered  th a t  i t  is un like ly  th a t  a n y  fu r th e r  am ino- 
acids w ill be  found  to  be  p re sen t in  im p o rta n t 
am o u n ts .
4. T he m in im um  m olecular w eigh t ca lcu la ted  
from  th e  an a ly tic a l figures is 39,000, an d  th e  average 
res idue  w eigh t ca lcu la ted  b o th  b y  su m m atio n  an d  
from  th e  n itro g en  d is tr ib u tio n  is 92 6 .
In  the course of this and other work the authors have had 
occasion to refer to the various determinations of the amino- 
acids in gelatin and collagen which have been made at 
different times, and it has been thought useful to put these 
on record. Copies of this compilation may be obtained from 
the Librarian, British Leather Manufacturers’ Research 
Association.
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A n  essen tia l process in  th e  conversion  o f h ides an d  
sk ins to  m o s t ty p e s  o f le a th e r is th e  rem oval o f th e  
h a ir  or wool b y  tr e a tm e n t in  suspensions o f lim e an d  
sod ium  su lph ide, u sua lly  in  th e  cold, fo r p e rio d s ' 
v a ry in g  from  a  few  ho u rs  to  several w eeks. ,
A lthough  several w orkers h av e  in v es tig a ted  th e  
effect o f ' m ild  a lkaline tre a tm e n t on  collagen 
(M arrio tt, 1928, 1931; K iin tze l & P h illip s, 1933; 
K u b e lk a  & K noedel, 1938; H ighberger & S tecker, 
1941; A m es, 1944), each  h as  d e a lt on ly  w ith  one or 
tw o  o f th e  possible changes w hich  m a y  occur, an d  
in  on ly  one in s tance  (M arrio tt, 1931) has a  coUagen 
been  u sed  w hich  has h a d  no  prev ious a lkaline  or 
enzym ic tre a tm e n t.
T h e  p re sen t in vestiga tion  h as  been  carried  o u t, 
the re fo re , on  a  coUagen w hich  h as  received  no  
prev ious chem ical tr e a tm e n t Ukely to  cause chem ical 
m odification  (see Bowes & K en ten , 1948); w ith  th e  
a im  o f o b ta in ing  m ore precise in fo rm ation  regard ing  
possible changes occurring  du ring  m ild  alkaline 
tre a tm e n t.
EXPERIMENTAL
Alkali treatment of œllagen. CoUagen prepared as pre-, 
viously described (Bowes & Kenten, 1948) was cut into 
cubes about 1 cm. square, and 100 g. of this material, 
together with 310 ml. of water, 1 55 g. of Oa(OH)g, and 
90 ml. of N-NaOH were incubated in a sealed flask a t 20°. 
A prelim in ary experiment showed tha t these quantities 
gave an initial 0H~ concentration of 135 m-equiv./l. 
(pH 13 3 a t 20°), and a final value of 68 m-equiv./l. (pH 13 0 
at 20°). After 14 days the flask was cautiously opened to 
avoid loss of NHg, sufficient HOI added to bring the con­
tents to pH 4 5-5 0, the flask resealed and left a t 20° for 
3 days. Two batches of coUagen (I and H) were treated in 
this way.
The coUagen was filtered off, washed in running water for 
several hours, treated repeatedly with acetic acid pH 3 
containing 15%  NaCl, exhaustively washed with water at 
•pH 8, finaUy with water a t pH 6, then dehydrated with 
acetone. The pH of the last wash water was 5 5. (A Uttle 
toluene was added to aU wash waters to inhibit the growth 
of micro-organisms.)
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An appreciable amount of protein matter (solubilized 
collagen) was precipitated on neutralization. This material 
was filtered off with the collagen and removed during the 
washing in running water.
The total N, amino N, NHg and urea were determined in 
the solution in which the coUagen had been treated. I t  was 
assumed that the solution held by the coUagen was of the 
same composition as the external solution, and tha t the 
total volume was equal to that of the solutions %dded plus 
the water held by the original coUagen, and the results 
were calculated accordingly. The total N, amino N, amide 
N, arginine, total hydroxy acids (serine + threonine + hydr­
oxylysine), and the titration and swelling curves of the 
coUagen, were also determined. AU results are expressed 
on moisture- and ash-free coUagen. Since the total N of the 
alkaU-treated coUagen is lower than that of the original 
coUagen, the results expressed as a percentage of the total 
N may be misleading, and they have therefore been re­
corded also as mmol./g. protein.
Analysis. Total N, amide N and amino N were deter­
mined as previously described (Bowes & Kenten, 1948). 
Arginine was determined by precipitation with flavianic 
acid (Vickery, 1940). The value obtained (8 3 %) was rather 
lower than tha t of 8 8 % found for the same coUagen 
sample by Macpherson (1946), who used a colorimetric 
method foUowing the separation of the basic amino-acids 
by electrodialysis.
Hydroxyamino-acids. The total hydroxyamino-acids 
(serinethreonine •+hydroxylysine) were determined by 
the periodate method as described by Rees (1946), except 
tha t the periodate oxidation and subsequent distillation of 
the NHg were carried out in a micro-Kjeldahl apparatus. 
The foUowing solutions were successively added to the 
micro-Kjeldahl apparatus, while preserving a Uquid seal at 
the ground-glass stopper: 5 ml. of hydrolysate, 5N-NaOH 
to adjust the pH to 7, N-H2SO4 (sufficient to give a final pH 
of 7 0 after addition of other reagents), 15 ml. of NaAsOg 
solution, 6 ml. of phosphate buffer pH 7-2, 1 ml. of 0-5 M- 
HIO4, 3 ml. water. The contents of the micro-Kjeldahl flask 
were thoroughly mixed after each addition by warming the 
steam flask, and thereby causing a stream of air bubbles to 
pass through the solution. The NHg (preformed and perio­
date) was distUled off from 5 ml. of borate buffer pH 12 0. 
The preformed NHg was determined by a separate dis-
tUlation of 5 ml. of hydrolysate a t pH 7 0 from 5 ml. of 
borate buffer.
Other determinations. Ammonia in solution was deter­
mined by addition of excess KgCOg and aerating into stan­
dard acid; urea by conversion to NH, by tlie action of 
urease followed by the same procedure (Van Slyke & 
Cullen, 1914). The urea NHg wtis then calculated by 
difference. I t  was necessary to use twice as much urease 
as tha t employed by Van Slyke & Cullen (1914) in order to 
obtain satisfactory results ; tliis was probably due to in­
hibition of the urease by the high salt concentration of the 
solution (of. Conway, 1947). The amount of urea was small 
compared with tha t of NHg, and tests showed that under 
the present experimental conditions the method gave an 
accuracy of ±  10% .
Titration and swelling curves. The titration curve of the 
alkaU-treated coUagen (batch I) was determined in the 
presence of 0 5M-NaCl as previously described (Bowes & 
Kenten, 1948). For the swelling curves, 0 5 g. samples of 
air-dry collagen were placed in 100 ml. of solution con­
taining varying amounts of HCl and NaOH a t 20°. After 
3 days, a sample of liquid was withdrawn for pH deter­
mination, and the pieces of collagen lightly blotted and 
weighed. The vessels used were the same as those employed 
for the titration curve, and the same precautions were taken 
to avoid contamination Avith COg. The water content, 
expressed as a percentage of the moisture and ash-free 
coUagen, was plotted against the final pH value of the 
solution. ,
R E S U L T S
' , A naly tica l
T here  is good ag reem en t betw een  th e  resu lts  on th e  
tw o sep a ra te  b a tches o f tr e a te d  collagen, m d ica ting  
th a t  th e  re su lts  o b ta in ed  are  rep roducib le  (see 
T ab le  1).
A lthough  th e  tr e a tm e n t g iven w as com para tive ly  
d ras tic , th e  collagen on ly  decreased  in  w eigh t b y  
a b o u t 5 % i a n d  w as unchanged  in  appearance . 
A p prox im ate ly  h a lf  th e  am ide  N  w as lib e ra ted  
du ring  14 d ay s’ tre a tm e n t, a n d  a  corresponding  
am o u n t o f am m onia  w as fo im d in  th e  so lu tion  ; th e re
T ab le  1, A nalyses o f collagen, alkali-treated collagen and o f collagen dissolved by alkaline solution
, CoUagen
Alkali-
treated
Increase 
or decrease Solution
Un­ Batch Batch Batch Batch Batch Batch
treated I II I I I I II
Ash(% ) 003 0-01 0-10 ____ ____ ____ ____
Water (%) 223 23-7 23-8 — — — — —
Total N(%), 18 6 18-2 18-1 ' -0 -4 -0-5 Total N (mg./g.) 9-0 8-1
Amino N (as % TPN) 248 2-77 2-94 ■ r — Amino N (mg./g.) 4-3 4-3
Amino N (mmol./g.) 033 0-36 0-38 + 0-03 + 0-05 — — —
Amide N (as % TPN) 354 1-69 1-85 ■ — — Ammonia N (mg./g.) 3-46 3-36
Amide N (mmol./g.) 047 0-22 0-24 -0-25 -0-23 Ammonia N (mmol./g.) 0-25 0-26
Argiuine N (as % TPN) 14-45 14-17 14-24 ■ — — Urea N (mg./g.) 0-45 0-42
Arginine N (mmol./g.) 0-48 0-46 0-46 - 0-02 - 0-02 Urea (mmol./g.) , 0-016 0-015
Periodate NH, (as % TPN) 4-54 4-45 — — ■ ■ ■ I — —
Periodate NH, (nunoL/g.) 0-60 0-58 — ' - 0-02 — — — —
T PN = total protein nitrogen.
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w as no in d ica tio n  th a t  an  appreciab lô  am o u n t o f 
am m on ia  w as derived  from  an y  o th e r source. T he 
a m o u n t o f am m on ia  form ed w as a lm o st iden tica l 
w ith  th e  m ax im um  value ob ta in ed  b y  H ighberger & 
S tecker (1941). F u r th e r  tre a tm e n t for 7 days u nder 
sim ilar conditions, how ever, low ered th e  am ide  N  
b y  an o th e r 0 08 m m ol, to  0 16 m m ol./g ., w ith  th e  
p rod u c tio n  o f 0 06 m m ol, o f am m onia.
T he sm all decrease in  th e  arg in ine  c o n ten t is less 
th a n  th a t  found  b y  T heis & Jaco b y  (1941) m  sim ilar 
experim en ts, an d  th e  m  ea found  in  th e  so lu tion  w as 
also less th a n  th a t  found  b y  H ighberger & S tecker
(1941) u nder corresponding  conditions. I t  appears 
p robab le  th a t  th e  u rea  arises from  conversion of th e  
arg in ine  to  o rn ith in e  residues (cf. H e lle rm ann  & 
S tock , 1938; W arn er, 1942 a) ; th e  decrease in  arg in ine
(th is sm all increase could  be accoun ted  fo r b y  th e  
conversion o f  arg in ine  to  o rn ith ine), an d , even  
allow ing for th e  fa c t th a t  because o f th e  h igh  p rohne  
a n d  h y d roxyp ro line  c o n ten t o f collagen one o u t o f 
every  fou r p ep tid e  links involves a n  im ino a n d  n o t 
an  am ino  g roup , th e  alkaline  tr e a tm e n t h as  a p p a ­
re n tly  caused  h tt le  b reakdow n  o f th e  po lypep tide  
chains o f th e  rem ain ing  insoluble collagen.,,
T itra tion  curves
A t p H  values betw een  5 an d  10, a  longer tim e  w as 
req u ired  to  re a c h  equ ilib rium  w ith  a lk a h - tre a te d  
collagen th a n  -with th e  orig inal coUagen. T here  w as 
ra th e r  m ore soluble n itrogen  a t  h igh  p H  values, an d  
ra th e r  less a t  low  p H  values th a n  w ith  th e  orig inal 
coUagen (see T ab le  2).
T able 2. N itrogen in  solution at different p H  values after steeping fo r  3 days 
(Results expressed as mg. N/g. moisture- and ash-free coUagen.)
CoUagen Alkali-treated collagen
pH Soluble pH . Soluble pH Soluble pH - Soluble
(20°) N (20°) N (20°) N (20°) N
116 0-85 12-86 1-44 1-18 0-48 — —
132 077 12-71 1-08 — — 12-77 215
151 0 69 12-66 1-21 1-42 0-36 12-69 2-05
1'64 070 12-59 1-28 1-82 0-34 12-54 2-26
— . — 12-46 1-04 — — 12-39 1-26
— — — — — ; — 12-20 1-45
c o n ten t, how ever, is ra th e r  g rea te r th a n  can  be 
accoun ted  for as u rea , in d ica tin g  som e o th e r ty p e  of 
b reakdow n. T he a lk a li- tre a ted  coUagen, w hen  te s ted  
for th e  presence o f citruU ine b y  th e  m e th o d  of 
F ea ro n  (1939), gave a  v e ry  fa in t p in k  colour, th e  
o rig inal none a t  all.
W ith in  ex p erim en ta l e rro r, th e  am m onia  form ed 
b y  th e  ac tio n  o f p e rio d a te  on  th e  u n tre a te d  an d  
a lk a li- tre a ted  coUagen is th e  sam e, in d ica tin g  a  
negligible d es tru c tio n  o f th e  h yd roxyam m o -acids 
b y  th e  a lkaline  tre a tm e n t. T he hydroxyam ino - 
acids o f th e  coUagen used  in  th is  in v es tig a tio n  have  
also been d e te rm ined  b y  R ees (1946), w ho o b ta ined  
a v alu e  o f 4-67 %  for th e  p e rio d a te  NHg (expressed 
as a  percen tage  o f th e  to ta l p ro te in  N), in  good ag ree­
m e n t w ith  th e  p resen t d e te rm in a tio n  o f 4 -5 4 % .
T he am m on ia  a n d  u re a  in  th e  so lu tion  accoun t 
only  for a b o u t h a lf  o f th e  to ta l  N  p resen t. T he figure 
for th e  am ino N  o f th e  so lu tion  is likely  to  be  too  
h igh  owdng to  th e  presence o f am m onia  (25-30 %  of 
w hich m ay  be re tu rn e d  as am ino N  (W arner, 1942 6 ; 
F ro s t & H einsen , 1945)), b u t  th e  re su lts  ^ g g e s t  th a t  
th is  soluble N  m u s t be  p re sen t as am ino-acids or 
sm all pep tides. I t  m a y  be  observed  th a t  th e  sum  
o f th e  am ihon ia  a n d  u re a  N  in  so lu tion  is ap p ro x i­
m a te ly  eq u a l to  th e  decrease in  th e  to ta l  N  o f th e  
coUagen. -
T he am ino  N  o f  th e  a lkaU -trea ted  collagen w as 
on ly  sligh tly  h igher th a n  th a t  o f th e  orig inal coUagen
T he t i tr a t io n  cu rve  o f th e  a lk a li- tre a ted  coUagen 
differs in  a  n u m b er o f respects from  th e  cu rve  o f th e  
orig inal coUagen, especially  in  th e  alkaline  ran g e  
(see F ig . 1). T he isoelectric p o in t is sh ifted  from  
p H  6 7 to  5, th e  ac id  b ind ing  is sh g h tly  increased , 
a n d  on th e  a lkaline  side o f th e  isoelectric p o in t th e re  
is a  large increase in  th e  n u m b er o f  g roups t i tr a t in g  
betw een  p H  5 an d  9, a n d  a  co rresponding  increase 
in  th e  base b ind ing  cap ac ity . T he large increase in  
th e  groups t i t r a t in g  betw een  p H  5 a n d  9 m a y  be 
a tt r ib u te d  to  a n  increase in  th e  n u m b er o f ca rboxy l 
g roups arising  from  hydro lysis o f am ide g roups.
' T he  cu rve  w as ana lyzed  in  a  m an n e r sim Uar to  
th a t  o f th e  u n tre a te d  coUagen (see Bowes & K en ten , 
1948). I t  can  be  d iv ided  in to  fou r p o rtio n s, from  
p H  1 5  to  5, from  5 to  7, from  7 to  9 6 a n d  from  9 6 
to  12, an d  to  these  d ifferen t p o rtio n s a re  assigned th e  
groups show n in  T ab le  3. Im in o  groups, due to  
b reakdow n o f pep tid e  links invo lv ing  p ro line or 
hydroxypro line , a re  ta k e n  as  m a in ly  t i tr a tin g  
b etw een  p H  7 a n d  9 6 .
A ssum ing th a t  th e  im idazole g roups a re  u n ­
affected  b y  a lkaline  tre a tm e n t (P lim m er, 1916), a n d  
th a t  th e y  t i t r a te  in  th e  sam e ran g e  as in  th e  u n ­
tre a te d  coUagen, i t  can  b e  deduced  th a t  th e re  are  
O'14 m m ol, u n ch arg ed  carboxy l g roups/g ., an d  
O'13 m m ol, basic  g roups/g . (a-am ino, im idazole or 
im ino), t i tr a t in g  betw een  th e  isoelectric p o in t an d  
p H  9 '6 . T h e  a ssum ption  th a t  th e  im idazole g roups
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a re  n o t affected  m ay  n o t be s tr ic tly  tru e , since th ere  
is som e evidence th a t  g e la tin  con ta in s less h is tid ine  
th a n  collagen (Chibnall, 1946). T he difference, how ­
ever, is sm all, an d  even  if  a  corresponding  decrease 
in  h is tid ine  does occur here, i t  w ould  n o t m ate ria lly  
affec t th e  ca lcu la tion . T he sam e conclusion is
reached  if  th e  increase in  ac id -b ind ing  cap ac ity  is 
ta k e n  as due to  increase in  th e  n im iber o f a-am ino 
an d  im ino groups, aga in  assum ing  th a t  these  g roups 
t i t r a te  be tw een  p H  5 an d  9 6, an d  th a t  th e  a-am ino  
an d  im idazole groups p resen t in th e  orig inal collagen 
rem ain  unchanged .
0 -9 .
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Fig. 1. Titration curves of ox-hide collagen before (circles) and after (triangles) treatment with alkali. 
T ab le  3. Analyses 0/  titration curves
Group
(а) Charged carboxyl
(б) Uncharged carboxyl-p imidazole 
(c) Imidazole, a-amino •+imino
\d) e-Amino
(e) Uncharged carboxyl
(/)  Total carboxyl 
\g) a-Ammo + imino
(A) Guanidino 
(i) Amide
\j)  Dicarboxylic acids
(Results expressed as mmol./g.)
Method of calculation
Titration from pH 15 to 6 
Titration from pH 5 to 7 
Titration from pH 7 to 9 6 
Titration from pH 9 6 to 12 6 
(6) -  0 03 mmol, imidazole groups 
titrating in this range 
(a ) + ( e )
(c) -  0 02 mmol, imidazole groups 
titrating in this range 
(a) -t- (e) — (6) — (c) — (d)
From analysis - 
' ( / ) + « ) -(g)*
Original
collagen
0 87
003) 
0-04 [ 
034 
0
0 87 
002
049
047
132
007 "27
Alkali-treated
collagen
096
036 
0 14
1-10 
008
047 
022  
124
* I t  is assumed that terminal carboxyl groups are equivalent to the free a-amino and imino groups.
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I f  th ese  conclusions a re  co rrec t, th e re  is an  
a p p a re n t decrease in  th e  d icarboxylic  acids, w hich  
suggests th a t  th e re  m ay  h av e  been  specific loss of 
th ese  am ino-acids in  th e  frac tio n  o f th e  collagen 
ren d e red  soluble b y  th e  a lkaline tre a tm e n t.
T he decrease in  arg in ine c o n ten t ca lcu la ted  from  
th e  ti tr a t io n  cu rve  agrees w ell w ith  th a t  found  by  
analy sis (T able 1), a n d  th e  sm all increase in  groups 
t i t r a t in g  betw een  p H  9 6 a n d  12 is in  accordance 
w ith  th e  hypo thes is  th a t  th e  arg in ine is converted  
to  o rn ith in e  (pK  10*76) (Cohn & E dsa ll, 1943). 
T here  is no  in d ica tion  o f an y  decrease in  th e  
n u m b er o f e-am ino groups.
Swelling curve ‘
T he u p ta k e  o f w a te r b y  th e  collagen a t  d ifferent 
p H  values before a n d  a f te r  tr e a tm e n t w ith  alkali
600
 ^ 500 -  
8
8  400 -
I 300-
200 -
100 -
Final pH
Eig. 2. The water uptake of ox-hide coUagen before 
(triangles) and after (circles) treatment with alkali.
is show n in  F ig . 2. A fte r exposure to  th e  acid  
o r a lkaline  so lu tions, th e  pieces o f a lliah -trea ted  
collagen h a d  a  roughened  ap pearance  especially  a t
h igh  o r low  p H  values. T his w as p ro b ab ly  a n  in ­
d ica tio n  o f th e  beg inn ing  o f d is in teg ra tion . A t a ll 
p H  values th e  w a te r u p ta k e  is app rec iab ly  increased  
b y  th e  alkaline  tre a tm e n t, an d  on  th e  a lkaline side 
o f th e  isoelectric p o in t th e  shape  o f th e  curve is 
ap p rec iab ly  d ifferen t from  th a t  o f  th e  orig inal 
collagen.
Analysis of samples of shin collagen after alkaline 
processing lim ing')
T he to ta l  N , am ino  N  an d  am ide  N  w ere d e te r ­
m ined  in  a  nu m b er o f sk ins w hich h a d  been  tre a te d  
com m ercially  w ith  calc ium  hyd rox ide  a n d  sodium  
su lph ide  to  rem ove th e  h a ir  (T im ed ’). T he t i tr a t io n  ' 
cu rves a n d  arg in ine  co n ten ts  o f th ree  sam ples w ere 
also determ ined .
T ab le  4 show s th a t ,  w ith  th e  excep tion  o f th e  
sheep-sk in  collagens, th e  to ta l  N  o f a ll th e  sam ples 
w as o f  th e  sam e order as th a t  o f th e  a lk a li- tre a ted  
ox-hide collagen. T he am ide-N  values v a ried  from  
0*25 to  0*47 m m ol./g ., th e  sheep sk ins on  th e  w hole 
h av in g  th e  low est values. T hese sk ins h a d  been  
tr e a te d  w ith  a  com m ercial p rep a ra tio n  o f try p s in  
(‘b a t in g ’) a n d  w ith  su lphuric  ac id  (approx . 1% ) 
a n d  sod ium  chloride ( ‘ p ickling  ’ ), an d  th is  is p robab ly  
th e  cause o f th e  low er values. I n  a  nu m b er o f cases, 
th e  am ino  N  o f th e  com m ercially  t r e a te d  sam ples is 
low er th a n  th a t  o f th e  ox-hide collagen.
T he t i t r a t io n  curves o f sheep skins 1, 2, 3 differ 
from  one an o th e r  a n d  from  th e  curves for ox-hide 
collagen, especially  in .th e  p H  ran g e  6-9 .
T he curves a re  m ore difficult to  in te rp re t in  te rm s 
o f th e  reac tiv e  groups th a n  those  o f th e  ox-hide 
collagen. T h e  various sections o f th e  cu rve, especially  
th o se  due  to  t i t r a t io n  o f union ized  carboxy l, im id a ­
zole, a -am ino  a n d  im ino groups te n d  to  m erge in to  
one an o th e r . T rea tin g  th e  curves sim ilarly  to  th a t  
o f th e  a lk a li- tre a ted  collagen, th e  analyses g iven  in  
T ab le  5 w ere deduced.
T ab le  4. Total N , amide N  and amino N  of collagen of some commercially treated skins
Source of collagen 
Ox-hide collagen (no alkaline treatment)
Sheep skins 1 
2
3
4 '
* .' \
Calf skins 1 
2 
3
Ox hide 1 
2
3
4
Amide N Amino N
Total N — A-------------------------^ ----------V
(%) ' (%) (mmol./g.) (%) (mmol./g.)
186 0*66 047 0*46 ' 0*33
17*3 0*42 ' 0*30
17*1 042 0*30 0*69 0*42
17*2 0*36 0*26 0*60 036
17*4 0*60 0*36 0*46 0*32
173 0*49 0*36 ' 0*49 0*36
18*2 0*56 0*40
18*2 0*62 0*37 — ■ —
18*0 0*66 039 0*42 0*30
18*1 0*66 0*47 0*46 0*33 ^
18*1 0*42 0*30 0*46 0*32
18*3 0*46 0*33 0*48 0*34
18*1 0*67 0*41 0-42 0*30
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0 9 -
0 7 -
Sample 1 
Sample 2 
Sample 30 5 -
I 0 4 -
8
'  E 0  2 -
X  0-1 •
9
^  00  - 
Ü  01  -
0 2 -
0 3 -
0 -4 -
0'S -
0 6 -
0 7
Final pH
Fig. 3. Titration curves of commercially treated sheep skins.
T ab le  5. A nalyses o f titration curves o f alkali-treated sheep-skin collagens 
(Results expressed as mmol./g.)
Group ,
(0) Charged carboxyl
\h) Uncharged carboxyl 4- imidazole
(c) Imidazole, a-amino-t-imino
(d) e-Amino ^
(e) Uncharged carboxyl
( /)  Total carboxyl
(g) a-Amino-t-imino
(h) Guanidino
(1) Amide
(J) Dicarboxylic acids
Method of calculation
Titration from pH 1-5 to isoelectric point 
Titration from isoelectric point to pH 7 
Titration from pH 7 to 9 6 
Titration from pH 9 6 to 12 5 
(6) -  0 03 mmol, imidazole groups titrating 
in this range 
(a) -f (e)
(c) -  0-02 mmol, imidazole groups titrating 
in this range 
(a) -f (e) — (b) — (c) — (d)
From analysis
{f)+{i)-{g)*
Alkali-treated 
sheep-skin collagen
Sample 1 Sample 2 Sample
0-89 0-97 0-88
0-10 006 0-16
0-14 0-10 0-13
0-34 0-32 0-26
0-07 0-03 0-13
0-96 , 100 1-01
0 12 0-08 0-11
0-38 0-62 0-46
030 0-30 0-25
1-14 1-22 1-15
* I t  is assumed that terminal carboxyl groups are equivalent to terminal a-amino and imino groups.
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D ISC U SSIO N
C onsidering th e  com para tive  severity  o f th e  alkaline 
tre a tm e n t, th e  chem ical m odification  o f th e  collagen 
is com para tive ly  sm all. A p a rt from  th e  solubili­
za tion  o f a b o u t 5 %  of th e  collagen, th e  on ly  reaction  
ta k in g  p lace to  an y  appreciab le  e x te n t is th e  h y d ro ­
lysis of am ide groups. Since th e  loss o f am ide groups 
increases w ith  tim e, i t  appears  p robab le  th a t  all th e  
am ide  N  w ould  be lib e ra ted  if  th e  tr e a tm e n t were 
sufficiently  prolonged.
T he sm all decrease in  arg in ine  c o n ten t an d  th e  
presence o f u rea  in  so lu tion  ind ica tes a  breakdow n 
to  o rn ith ine , as p o s tu la ted  b y  H ellerm ann  & Stock 
(1938), an d  W arn er (1942 a). A  positive  te s t  for 
citru lline  in  th e  a lk a li- tre a ted  collagen ind ica tes th a t  
th e  conversion o f arg in ine  to  c itru lline  an d  am m onia 
also tak es  p lace to  a  v e ry  sm all e x te n t (see W arner, 
19426). T he a m o u n t o f am m onia  arising  from  arginine 
is negligible com pared  w ith  th a t  due  to  deam idation .
N icolet, S h inn  & Saidel (1942) hav e  show n th a t  
tre a tm e n t o f silk  fibres w ith  boiling  0-1 M-alkah for 
1 -2  h r. causes p a r tia l d estru c tio n  o f serine an d  
tlireon ine , p roducing  an  ap p ro x im a te ly  equ ivalen t 
n iu n b er o f am ide  groups. T here  is no  evidence th a t  
such  a  reac tio n  occurs even  to  a  h m ited  e x te n t w hen 
collagen is tre a te d  w ith  a lka li in  th e  cold for periods 
u p  to  14 days.
T he o rn itlfine p roduced  b y  m odification  o f th e  
guan id ino  groups could  acco u n t fo r th e  sm all 
increase in  th e  base  bo u n d  betw een  p H  9 6 an d  12 5, 
an d  for th e  g rea te r p a r t  o f th e  increase in  free am ino 
N . O n th is  basis, th e re  can  be  h tt le , if  an y , hydrolysis 
o f p ep tid e  links invo lv ing  am ino  groups 'iu  th e  
a lk a h - tre a te d  cohagen, a n d  th e  increase in  acid- 
b ind ing  cap ac ity  (0 06 m m ol./g .) m u s t p resum ab ly  
be  due  to  release o f basic  g roups o th e r th a n  am ino 
groups. I t  is possible th a t  th ese  a re  im ino groups, 
derived  from  hydro lysis o f p ep tid e  linlvS involving 
p ro h n e  or h y d roxyp rohne . W h ils t th is  w ould  sug­
gest th a t  such  p ep tid e  linlis a re  m ore alkah-labile 
th a n  those  involv ing  am ino groups, G ordon, M artin  
& Synge (1943), from  a  s tu d y  o f th e  p a r tia l acid  
h y d ro ly sa te  o f ge la tin , m ferred  th a t  th e y  w ere 
re s is ta n t to  ac id  hydro lysis a t  37°.
A lthough  th e re  is on ly  a  sm all increase in  th e  
n u m b er of te rm in a l g roups in  th e  a lk ah -trea ted  
collagen, a n  appreciab le  a m o u n t (5% ) o f th e  
cohagen w as rendered  soluble b y  th e  tre a tm e n t. 
Som e o f th is  w as p resum ab ly  in  th e  form  o f large 
po lypep tides , since i t  w as p rec ip ita ted  on n eu trah - 
za tio n  o f th e  so lu tion  ; p ep tides w hich  d id  n o t 
p rec ip ita te  p ro b ab ly  acco u n t fo r n itro g en  in  th e  
so lu tion  in  excess o f th a t  due to  am m on ia  an d  urea . 
T he am ino-N  figure fo r th e  so lu tion  suggests th a t  
th is  frac tio n  m u s t be  in  th e  form  o f am ino-acids or 
sm all p ep tid e s . E v idence  deduced  from  th e  t i tr a tio n  
curve suggests th a t  th is  soluble frac tio n  is rich  in
th e  d icarboxyhc  acids. M artin  (1946) h as  recen tly  
d em o n s tra ted  th e  presence o f a sp a rty lg lu tam ic , 
g lu tam y lg lu tam ic , an d  g lu tam y lasp a rtic  acids in  th e  
p a r t ia l h y d ro ly sa te  o f wool, an d  if  these  tw o d i­
ca rboxyhc  acids also occur to g e th e r in  .collagen, 
b reakdow n  could read ily  lead  to  th e ir  specific loss.
C onsideration  o f th e  sw elling curves ind ica tes th a t  
physica l as w ell as chem ical changes ta k e  p lace 
du ring  th e  alkaline tre a tm e n t, fo r th e  changes in  th e  
cu rve  can  on ly  be  p a rtia lly  accoun ted  for b y  changes 
in  th e  reac tiv e  groups. T he w a te r u p ta k e  in  th e  
isoelectric ran g e  is increased , th e  increase in  w a te r 
u p ta k e  in  acid  solu tions is g rea te r th a n  corresponds 
to  th e  increase in  basic  g roups, an d  th e  increase 
betw een  p H  7 an d  9 can  only  p a r t ia h y  be  accoun ted  
for b y  th e  t i tr a tio n  o f u n charged  carboxy l g roups 
lib e ra ted  b y  hydro lysis o f am ide  groups. T h e  cause 
of th e  sh ift in  th e  p H  a t  w hich  w a te r  u p ta k e  in  
alkaline  so lu tions reaches a  m ax im u m  from  12 5 to  
9 5 is n o t  clear.
E x a m in a tio n  o f th e  com m ercially  tre a te d  sk ins 
in d ica te s  th a t  sim ilar changes h av e  ta k e n  p lace ; th e  
to ta l  N  a n d  am ide  N  o f these  w ere low er th a n  those  
o f th e  o rig inal ox-hide collagen, b u t  th e  am ino  N  
w as in  som e cases low er, in s te ad  o f h igher as m ig h t 
h av e  been  ex p ec ted  from  th e  la b o ra to ry  experim en t. 
I t  is possib le t h a t  th is  m ay  be  due  to  b a c te ria l 
deam in a tio n  a t  som e stage  in  th e  processing o f  th e  
sk ins (S tu a rt, 1946). T he to ta l  N  o f th e  sheep sk ins 
w as p a rtic u la r ly  low, an d  is n o t acco u n ted  fo r b y  
th e  low er values o f th e  am ide N  a n d  arg in ine  N  as 
com pared  w ith  th e  orig inal ox-hide collagen, w hich  
suggests th e  possib ility  th a t  th e  com position  o f 
sheep-sk in  collagen m ay  differ from  th a t  o f ox h ides.
SU M M A RY  '
1. H ydro ly s is  o f am ide groups is th e  m a in  reac tio n  
ta k in g  p lace  w hen  collagen is tre a te d  w ith  a lk a li a t  
p H  13 0. A  sm all n u m b er o f th e  guan id ino  groups 
is con v erted  to  o rn ith in e  a n d  u rea , a n d  a  still 
sm aller fra c tio n  to  c itru lline  a n d  am m om a. T here  
is a  sm all increase in  th e  to ta l  nu m b er o f basic  g roups 
a n d  in  th e  n u m b er o f free am ino  groups ; i t  is sug ­
gested  th a t  som e p ep tid e  links involv ing  p rohne  an d  
h yd roxyp ro line  a re  b roken . T he hydroxyam ino - 
acids, serine, th reo n in e  a n d  hydroxy ly sine , a re  u n ­
affected  b y  th e  tre a tm e n ts . A p prox im ate ly  5 %  o f 
th e  collagen is so lubüized.
2. A llcah -treated  collagen swells m ore  th a n  th e  
orig inal collagen. . >
3. Skins t r e a te d  com m ercially  w ith  alkaline 
so lu tions undergo  changes sim ilar to  th o se  found  in  
lab o ra to ry  experim en ts.
Thanks are due to the Council of the British Leather 
Manufacturers’ Research Association for permission to 
pubhsh this paper.
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The Effect of Deamination and Estérification  
on the Reactivity of Collagen
B y  JOANE H. BOWES a n d  R. H. KENTEN 
The B ritish  Leather M anufacturers  ^ ~kesearch Association, London, S .E .  1
{Received 11 J u n e  1948)
T he m ost im p o rta n t reac tiv e  groups La collagen are  
am ino, guan id ino  a n d  carboxy l, a ll o f w hich  are  
p resen t in  co m para tive ly  large n um bers  ; few  
phenolic, h y d roxy l an d  im idazole groups are  p resen t 
a n d  indole groups are  ab se n t (Bowes & K en ten , 
1948 a). A  s tu d y  has now  been  m ade  o f th e  effect o f 
m odification  o f th e  am ino, guan id ino  a n d  carboxy l 
groups on  th e  acid- a n d  base-b ind ing  cap ac ity , an d  
on th e  sw elling o f collagen. T he com bination  o f th e  
m odified collagens w ith  vegetab le  tan n in s , basic 
ch rom ium  sa lts  a n d  form aldehyde h a s  also been  
in v es tig a ted  p rim arily  because o f th e  im portance  of 
th ese  th ree  classes o f com pound in  th e  conversion  of 
collagen to  lea th er. M oreover, th e  fixa tion  o f m eta ls
b y  p ro te in s  is o f genera l in te re s t, an d  in fo rrhation  
concerning th e  fac to rs  affecting  th e  fixa tion  o f 
ta n n in s  m a y  help  to  th ro w  ligh t on th e  association  
of ta n n in s  an d  p ro te in s in  n a tu re .
T he am ino  groups o f p ro te in s can  read ily  be 
co n v erted  to  h y d ro x y l g roups b y  th e  ac tio n  o f 
n itro u s  acid . T he reac tio n  is n o t en tire ly  specific, 
how ever, since a t  low p H  values, or if  th e  reac tio n  is 
p rolonged, m odification  o f th e  guan id ino , im idazole, 
ty ro sin e  an d  g lu tam ide  groups m ay  also ta k e  p lace 
(for rev iew  of li te ra tu re  see O lco tt & F raen k e l- 
C onrat, 1947). W ith  soluble p ro te in s, reac tio n  w ith  
th e  am ino  groups is ra p id  an d  o th e r reac tio n s are  
p ro b ab ly  negligible, b u t w ith  fibrous p ro te in s, such
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as collagen, th e  reac tio n  m u s t be prolonged  to  allow  
tim e  for th e  n itro u s  ac id  to  diffuse in to  th e  in te rio r o f 
th e  fibres, an d  som e m odification  o f o th e r g roups 
p ro b ab ly  occurs. P rev ious w orkers w ho have  used 
th is  m e th o d  w ith  collagen d id  n o t de term ine  th e  
e x te n t o f specific ity  o f th e  reac tio n  (T hom as & 
F o ste r, 1926; T hom as & K elly , 1926; G ustavson , 
1926; M eunier & Schw eikert, 1935; A tk in , 1937 
Bowes & P leass, 1939; H ighberger & R etzsch , 1939 
W ilson & Y u , 1941; G ustavson , 1943; L ollar, 1943 
C hang, Y en & Chen, 1944; T heis, 1945).
M odification o f th e  guan id ino  groups has received 
li tt le  a tte n tio n  an d  no sa tis fac to ry  m eth o d  appears  
to  be availab le . T re a tm e n t w ith  hypoch lo rite , as in  
th e  S akaguchi reac tio n , has been found  to  destro y  
all th e  arg in ine p resen t in  soluble p ro te in s , b u t h is ti­
d ine, ty ro sine , try p to p h a n  an d  lysine a re  also 
affected , th o u g h  to  a  lesser e x te n t (Sakaguchi, 1925). 
O nly a b o u t 43 %  of th e  arg in ine  in  collagen is 
a ffected  b y  th e  reac tio n  (H ighberger & Salcedo, 
1940). I n  th e  p resen t in v es tiga tion , i t  w as aga in  
found  th a t  on ly  40-50  %  o f th e  arg in ine  in  collagen 
w as d estroyed  b y  th is  tre a tm e n t. R oche & M orgue 
(1946) h av e  show n th a t  th e  re a c tiv ity , in  th e  
S akaguchi reac tio n , o f th e  guan id ino  g roup  in  
am ino-acid  d eriva tives  is influenced b y  th e  presence 
o f o th e r g roups, som e o f w hich, n o ta b ly  a lip h a tic  
hy d ro x y l, p re v e n t over 9 0 %  o f th e  guan id ino  
groups from  reac ting . I t  is possib le th a t  th e  diffi­
cu lty  o f rem oving  m ore  th a n  a b o u t h a lf  th e  guan id ino  
groups from  th e  collagen is re la te d  to  th e  sam e cause. 
Since th e  reac tio n  w as obviously  n o t specific to  th e  
guan id ino  groups, a n d  w as accom pan ied  b y  e x te n ­
sive genera l b reakdow n o f th e  collagen, i t  w as n o t 
s tu d ied  in  de ta il.
A  n u m b er o f th e  reag en ts  w h ich  re a c t w ith  th e  
carboxy l g roups o f p ro te in s , e.g. d iazom ethane, 
ace tic  an h y d rid e , k e ten , m e th an o l, a re  n o t specific 
to  carboxy l g roups (H e rrio tt, 1947; O lco tt & 
F raenkel-C onrat, 1947), a n d  w ith  som e th e  con­
d itions necessary  for reac tio n  cause b reakdow n  o f 
th e  p ro te in  s tru c tu re  (F odor & E p ste in , 1937). 
B lack b m n , C arte r & Ph illip s (1941) a n d  B lackbu rn  
& P h illips (1944) have  s tu d ied  th e  m é th y la tio n  o f 
w ool w ith  m e th y l su lp h a te  a n d  m e th y l halides, an d  
conclude th a t  th e  m a in  reac tio n  is estérifica tion  o f 
th e  carboxy l g roups. I t  ap peared , there fo re , th a t  
th ese  m ethods w ere likely  to  be sa tis fac to ry  fo r 
m odify ing  th e  carboxy l g roups o f collagen w ith o u t 
affecting  o th e r g roups to  an y  appreciab le  ex te n t, an d  
w ith  m in im um  risk  o f d eg rad a tio n .
E X P E R IM E N T A L  M E T H O D S 
M ateria l
The collagen was prepared from sheepskins which had been 
dewooled with Ca(OH)a and Na^S (‘limed’), treated with 
pancreatic trypsin (‘bated’), and preserved with
and NaCl (‘pickled ’). The skins were washed free of acid and 
salt, dehydrated with acetone, cut into strips 1 x 5  cm. (the 
edges of the skins being discarded), brought to equilibrium 
with distilled water (pH c. 5), and finally dehydrated with 
acetone. The titration curves of three batches of collagen 
prepared as above {A, B  and C) are given in a previous 
paper (Bowes & Kenten, 1948 h) ; they are referred to in text 
and tables as collagen A. B  and G, with the prefixes D and 
M  to denote deaminated and methylated, respectively.
Treatm ent o f collagen
Deamination. The method used was based on tha t of 
Thomas & Foster (1926). Collagen (100 g.) was soaked in 
distilled water overnight, 100 g. NaNOg then added, 
followed by 100 ml. glacial acetic acid. A stream of GOg was 
passed through the solution to minimize oxidation of 
nitrous to nitric acid and to agitate the solution. After 
24 hr., a further 100 g. NaNOg and 100 ml. acetic acid were 
added and the reaction allowed to proceed for another 24 hr. 
The collagen was rinsed with water, washed to remove acid 
in several changes of water containing 10 % (w/v) NaCl to 
minimize swelling, brought to equilibrium with distilled 
water (pH 5 0), and dehydrated with acetone. Two batches 
of collagen G (DC, and DG^ and one of collagen A  {DA) 
were treated in this way.
Méthylation. Methods used were similar to those of 
Blackburn et al. (1941): (1) Dimethyl sulphate. Collagen 
(50 g.) was shaken with 500 ml. M-Na acetate buffer 
(])H 7-5) and 25 ml. methyl sulphate for 1 hr. This procedure 
was repeated fourteen or more times. To reduce the extreme 
swelling of the methylated collagen it  was placed in a 10 % 
(w/v) solution of NaCl for 20 hr., then washed in distilled 
water until free from CI~, and dehydrated with acetone. 
(2) Methyl bromide. The collagen was brought to equi­
librium with a borate buffer a t pH 9 0, dehydrated with 
acetone, air dried, and immersed in methyl bromide for 
14 days. The latter was then allowed to evaporate, and the 
collagen washed as before and dehydrated with acetone. In  
some cases the collagen was rebuffered and treated for a 
further 14 days with methyl bromide. Several batches of 
collagen A  {MA^ to MAf)  and of collagen G {MG-y to MG^) 
were methylated; also the oxhide collagen prepared as 
previously described (Bowes & Kenten, 1948a).
Gombination of modified collagen with tannic acid, mimosa 
tannins, chromium and formaldehyde. The modified collagen 
(2 g.) in the form of pieces 1 cm. square, and a piece 1 x 5 cm. 
for shrinkage-temperature determinations were soaked in 
water overnight and then placed in 100 ml. of the following 
tanning solutions adjusted to different pH values for the 
times stated. Approximate equilibrium should have been 
reached in these times: .
(1) 10% (w/v) tannic acid (British Drug Houses, Ltd.)
for 7 days.
(2) 10% (w/v) tannic acid+0 Sm-NaCl for 7 days.
(3) 10% (w/v) commercial mimosa tannin extract for
7
(4) 3 4%  (w/v) chromic sulphate for 4 days.
(5) 0 36 % (w/v) formaldehyde for 3 days.
All pH values were attained with HCl or NaOH. The tannin 
solutions were initially adjusted to the required pH and 
then subsequently twice daily during the treatment. The 
pH of the Cra(S04)3 solutions was adjusted after 24 hr., and 
maintained a t this pH value by frequent further additions
144 J. H. BOWES AND R. H. KENTEN 1 9 4 9
during the following 48 hr. ; no additions were made in the 
last 24 hr. and the pH fell slightly during this time. The 
pH ’s of the formaldehyde solutions were initially adjusted, 
and then allowed to fall during the treatment.
On the completion of the treatment the pieces were 
drained, washed in Wilson-Ivern extractors (Wilson & Kern, 
1921) with 9 1. distilled water for 20 hr. and air dried.
A n a ly s is  o f products
Total N, amide N, amino N and arginine. The methods 
have been described previously (Bowes & Kenten, 1948a, b).
Lysine. This was determined using a specific decarboxy­
lase (Gale, 1945). Though this method may also determine 
an unknown fraction of the hydroxylysine it gives an indi­
cation of the extent to which e-amino groups are modified. 
Recent evidence (Heathcote, 1948) suggests tha t the 
apparent reaction of hydroxylysine with lysine decarboxy­
lase may in fact be due to contamination of the hydroxy­
lysine with lysme.
0-Methyl groups. These were determined as methyl iodide 
using a semimicroalkoxyl apparatus (Clark, 1932, 1939; 
Viebock & Schwappach, 1930). Methionine also yields methyl 
iodide by this method (Baernstein, 1932; 1930): the oxhide 
and sheepskin collagens gave values of 0 08 and 0 05% of 
methyl, respectively.
m-Methyl groups. The method is described by Pregl 
(1930). OrMethyl and N-methyl contents are expressed 
as a percentage of methyl on moisture- and ash-free 
collagen and are corrected for the methionine content 
of the collagen.
Chloride and sulphate. The former was determined as 
described by Highberger & Moore (1929). In the determina­
tion of SO4", methylated collagen (3 g.) was heated for 3 hr. 
on a steam bath with 30 ml. 2n-HC1. The solution was 
evaporated to dryness, the residue dissolved in 100 ml. hot 
water and boiled with charcoal (Norite) for 15 min. The 
solution was filtered, the charcoal extracted with boding 
water, and the combined filtrates neutralized with 2 ml. 
5n-HC1, and the SO*” determined as BaSO^. Collagen gave 
no SO4" by this method, and recovery tests showed an 
accuracy of ± 5 % .
Tannin in combination with collagen. This was determined 
by drying in a vacuum oven a t 100- 102° for 6 hr. and 
weighing. The amount of tannin fixed/100 g. moisture- and 
ash-free collagen was then calculated from the increase in 
weight of the collagen.
Chromium. The method used is described by Davies & 
Innes (1944). Results are expressed as g. CrgOg/lOO ml. and 
mmol. Cr/g. moisture- and ash-free collagen.
Formaldehyde. The treated collagen (2 g.) was steara- 
distdled with 40 ml. 2N-H2SO4, 500 ml. distUlate being 
collected. The formaldehyde was precipitated from suitable 
samples of distillate with dimedone (Yoe & Reid, 1941).
Shrinkage temperature. The temperature a t which shrink­
age occurs in water is a property characteristic of both 
collagen and treated collagens. I t  has been related to cross 
linking in the protein structure (Theis, 1946). A modified 
form of the apparatus described by Küntzel (1943) was used, 
in which a stream of air was blown continuously round the 
side arm to aid circulation. When the shrinkage temperature 
exceeded 100° the tanned collagens were wetted by im­
mersion in water under reduced pressure and the determin­
ation then made in liquid paraffin. The shrinkage tempera­
ture so determined is the same as that determined in water 
under pressure.
Titration and swelling curves. These were determined as 
previously described (Bowes & Kenton, 1948a, b).
R E S U L T S
E x cep t w here o therw ise s ta te d , re su lts  a re  expressed  
on a  m oistu re- an d  ash-free basis. A m ino-N  
co n ten ts , e tc ., are  expressed  as inm ol./g . ra th e r  th a ii 
as a  percen tage  o f to ta l N , since varia tio n s in  th e  N  
co n ten t o f th e  m odified collagens ren d e r th e  la t te r  
m e th o d  of expression vm suitable for com para tive  
purposes.
A n a lys is
D eam ination. T he d eam in a ted  collagens h a d  th e  
ch arac te ris tic  orange-yellow  colour associated  w ith  
p ro te in s w hich have  been  tre a te d  w ith  n itro u s ac id  
(cf. P h ilp o t & Sm all, 1938). R eac tio n  o f th e  am ino  
groups w as alm ost com plete in  all th e  sam ples 
exam ined  (Table 1). As w ith  o th e r p ro te in s  (S teudel 
& Sclum iaim , 1929; W iley  & Lewis, 1930) th e re  w as 
som e loss of arg in ine (c. 2 0 % ).
T he am ide N  w as h igher th a n  th a t  of th e  orig inal 
collagen, an d  th is  ad d itio n a l N H 3 m ay  have  com e 
from  — N H . CN groups fo rm ed  by  th e  ac tio n  o f  th e  
n itro u s  acid on guan id ino  groups (see p . 149). T he 
increase in  am ide N  was ap p ro x im a te ly  equal to  th e  
decrease in  arg in ine co n ten t.
M éthylation. T he m e th y la ted  collagens v aried  
from  brow n to  g rey  in  colour an d  in  tw o cases w ere 
a lm ost b lack . T hey  h a d  a  sm ell o f m e th y lam ines. 
T he m eth o x y l co n ten t o f th e  d ifferen t collagens 
tr e a te d  w ith  m e th y l su lp h a te  v aried  from  0 94 to  
1 67 %  (as m eth y l) , th e  m ax im um  m ethoxy l c o n ten t 
being a tta in e d  in  14 m é th y la tio n s  (see oxhide 
collagen. T ab le  2). V aria tions in  m eth o x y l c o n ten t 
are  p ro b ab ly  due to  slow hydro lysis o f these  groups 
du rin g  w ashing (see below ). M éth y la tio n  w ith  
m e th y l brom ide in tro d u ced  ra th e r  few er m eth o x y l 
groups. D eam ina tion  o f th e  collagen d id  n o t affect 
th e  e x te n t o f m é th y la tio n  w ith  m e th y l su lp h a te , b u t  
increased  th e  m e th o x y l g roups in tro d u ced  b y  
m e th y l b rom ide to  th e  sam e value  as th a t  ob ta in ed  
w ith  m e th y l su lp h a te . T his suggests th a t  th e  low er 
values o b ta in ed  w ith  m e th y l brom ide on u n tre a te d  
collagen are  due, n o t to  in ab ility  to  in tro d u ce  th e  
sam e n u m b er o f m eth o x y l g roups as m e th y l su lp h a te , 
b u t  to  th e  d ifficulty  o f keeping th e  collagen a t  a  s u i t­
ab le  p H  for th e  reac tio n  to  p roceed  to  com pletion  ; 
d im in u tio n  in  th e  n u m b er o f basic  g roups will 
reduce  th e  change in  p H  o f th e  collagen w hich occurs 
as a  re su lt o f m é th y la tio n  of th e  carboxyl groups, 
an d  hence m akes i t  easier to  keep  th e  collagen a t  th e  
req u ired  p H .
Methylated collagen fixes SO4” and Cl“ approximately 
equivalent to the methoxyl groups introduced. Blackburn 
et al. (1941) found tha t when wool was methylated with
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T ab le  1 . A nalyses o f collagens and deam inated collagens 
(Results expressed on moisture- and ash-free basis except where otherwise stated.)
Treated with HNOo Treated
Untreated ,-------------------------- \ Untreated with UNO,
G DGy DU, A DAy
Moisture (%) air dry 16 2 63* 160 18 1 141
Ash (%) air dry 023 1 78 023 0 14 058
Total N (%) 17 2 169 — 17 3 17 3
Amide N (mmol./g.) 025 038 0 39 030 038
Amino N (mmol./g.) 036 005 — — 004
Lysinof (mmol./g.) 030 — Nil 031 001
Arginine (mmol./g.) 044 — 0 35 043 037
value is due to the collagen having been dried in a desiccator over anhydrous CaCL2 for some (
samples air-dry.
f  May include some hydroxylysine.
days; other
T ab le  2. The m éthylation o f collagen and deaminated collagen w ith  m ethyl sulphate and-with m ethyl bromide
OCH3 groups introduced 
(as CH3)
. Anions 
(m-equiv./g. collagen)
Sample (%) (mmol./g.) Chloride* Sulphate Total
Methylated with methyl sulphate 
Oxhide collagen (free carboxyl groups, 0 87 mmol./g.) :
Methylated \MNy 1 19 0 79 Nil 0-64 0-64
14 times > (MAg 0 94 063 Nil 0-52 0-52
Methylated (MA3 1 37 091 Nil 0-78 0-78
16 times [MN^ 122 0-81 NÜ- 0-70 0-70
Methylated (MAg 1 15 0 77 Nil 0-65 0-65
18 times [MNg 124 083 Nil 0-75 0-75
Collagen A (free carboxyl groups 0-96 mmol./g.):
MAy 125 0-83 0-61 — —
MA2 1 32 . 0 88 0-73 0-07 0-80
A/A3 149 0-99 0-58 0-40 0-98
MA^ . .1 3 2 088 0-50 0-34 0-84
Collagen G (free carboxyl groups, 1 01 mmol./g.): 
MGy 1 32 0-88
MG, 1-57 1-05 0-52 0-52 1-04
I/C 3 1 18 0-79 0-65 i — —  ,
MGi 1-04 0-69 — — —
Collagen A  after treatm ent with nitrous acid: • 
MDAy 1-32 0-88 0-42 0-05 0-47
Collagen G : ' Methylated with methyl bromide 
Methylated 14 days MG, 0 35 0 23 0-11
'
0-11
Methylated 28 days MG, 0 85 0-57 0-48 — 0-48
Collagen G after treatment with nitrous acid:
. Methylated 28 days MDGy 1-22 0-82 0-30 — 0-30
* Arises from displacement of 8O4-  by Cl~ during immersion of methylated collagen in NaCl.
methyl iodide and bromide, 1“ and Br~ were held in excess 
of the methoxyl groups, and attributed this to A-methyla- 
tion. Attempts to determine the percentage of A-methyl 
groups were unsuccessful. Under the conditions of Pregl’s 
method proteins and amino-acids yield appreciable amounts 
of volatile iodides, and large and variable values for the 
apparent A-methyl are obtained (Bums, 1914; Geake & 
Nierenstein, 1914; Bindley & Phillips, 1947). Determina­
tion of A-methyl groups in methylated collagen gave values 
of the same order as those obtained with the original 
collagen. Though it may be unwise to conclude tha t no N- 
methylation takes place, it appears that it only occurs to a 
small extent, if a t all. The amino N of the collagen methy­
lated with methyl bromide {MCf) and with methyl sulphate
{MCft was 0 24 and 0 31 mmol./g., respectively, compared 
with a value of 0 36 mmol./g. for the original collagen. The 
amino N of collagen MA^ methylated with methyl sulphate 
was 0 30 mmol./g.
S tab ility . M ethoxy l groups w ere on ly  slow ly sp lit 
b y  hydro lysis w hen  th e  m e th y la te d  collagens w ere 
im m ersed  in  buffer so lu tions betw een  p H  2 a n d  8 , 
b u t  ou ts ide tliis  ran g e  th e  s ta b ih ty  decreased  
ra p id ly  w ith  rise or faU in  p H  (see F ig . 1). A  sim ilar 
s ta b il ity  cu rve  fo r m e th y la te d  w ool co n stru c ted  
from  th e  d a ta  o f B lack b u rn  et al. (1941) is g iven  for 
com parison . Soaking in  w a te r  a t  p H  5-0 for 20 days
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red u ced  th e  m e th o x y l c o n ten t from  1 38 to  1 12 %  
(as m ethy l).
I  0-4
Final pH
Fig. 1. Stability of OQH3 groups introduced into eoUagen, 
deaminated collagen and wool in pH range 0 5-13 0. 
Percentage OH3 after soaking in universal buffer solution 
for 2-5 days. 0 — 0 , collagen esterified with methyl 
sulphate ; 0 —0 , collagen esterified with methyl bromide ; 
0 —0 , collagen deaminated and esterified with methyl 
sulphate; (x)—® , collagen deaminated and esterified with 
methyl bromide; •—#, wool esterified with methyl 
sulphate (from Blackburn et al. 1941).
T ab le  3. Soluble nitrogen liberated fro m  methylated  
collagen after 3 days' exposure to alkaline solutions
OCH3 groups 
removed
pH of Soluble N (g. CH3/IOO
Sample solution (mg-/g.) collagen)
Untreated
0 10-10 2-4 —
C 12-08 3-0 —
■C 12-27 3-4 —
C . 12-32 3-7 ' —
G 12-69 4-8 —
C 13-00 6-6 —
A 12-08 3-2 —
After méthylation with dimethyl sulphate
MC^ - 7-12 2-6 0-28
MG^ 7-42 4-9 0-29
MG^ 8-60 4-9 033
MG^ 8-79 10-4 0-59
MGi 10-73 15-9 0-98
MG^ 11-80 21-5 1-01
MAz 12-09 4-9 ____
MA3 . 12-12 63 —
MAi 12-10 8-3
MDA ■ 12-16 5-7 —
After méthylation with methyl bromide
MO, 8-76 1-1 0-32
MG, 9-28 1-1 0-27
-MO, 10-20 1-1 0-33
MO, 11-61 1-6 0-20
MO, 12-01 1-5 0-34
MO, 12-24 2-1 0-33
A t h igh  p H  values loss o f m e th o x y l g roups from  
collagen m e th y la te d  w ith  m e th y l su lp h a te  is a c ­
com pan ied  b y  th e  p ro d u c tio n  o f a n  appreciab le  
am o u n t o f n itro g en  in  th e  so lu tion  (see T ab le  3).
Collagen m e th y la te d  w ith  m e th y l b rom ide, on th e  
o th e r h an d , gave less so luble n itrogen  th a n  th e  
im tre a te d  collagen. T he so lu tions sm elt o f m e th y l- 
am ines a n d  gave a  positive  te s t fo r d im ethy lam ine  
(D ow den, 1938). T h is sm ell w as also n o te d  b y  
B lack b iu n  et al. (1941) d u rin g  th e  m é th y la tio n  of 
wool.
I t  was considered possible tha t the N in solution was 
related to the méthylation of one of the basic groups of the 
collagen and specific degradation of this group on treat­
ment in alkaline solution. The arginine content of the 
collagen as determined by Vickery’s method, however, was 
unchanged by méthylation and treatment with alkali, sug­
gesting that the soluble N was not derived from guanidino 
groups. (There is some evidence, however, that some 
méthylation of guanidino groups does tirke place. Lmdloy 
& Phillips (1947) found no decrease in the arginine content 
of methylated wool as determined by Vickery’s method, but 
tests on fho fiavaniate precipitate indicated that some 
change had occurred.) The solution gave only a slight 
positive reaction for protein, and the results as a whole 
suggest tha t the soluble nitrogen is derived from general 
hydrolysis of the collagen to polypejitides and amino-acids.
T itra tion  curves
D eam inated collagen. T he  t i tr a tio n  cu rve  o f d e ­
a m in a ted  collagen (DGfj is g iven  in  F ig . 2. D eam i­
n a tio n  has caused  a  sh ift in  th e  isoelectric p o in t from  
5-5 to  4 5, a  decrease in  th e  ac id-b ind ing  cap ac ity , an  
increase in  th e  base-bm ding  cap ac ity  irm ned iately  
on  th e  a lkaline side o f th e  isoelectric p o in t, a n d  a  
slig h t increase in  th e  to ta l  base bovmd a t  p H  12 5. 
T he decrease in  ac id  bm d ing  can  be a tt r ib u te d  m ain ly  
to  loss o f am ino  groups, b u t  considera tion  of th e  free 
am ino  N  o f th e  orig inal collagen (0-38 m m ol./g .) 
show s th a t  a t  leas t 0-07 m m ol./g . o f som e o th e r basic 
g roup  h as  also been  affected. T he increase in  base- 
b ind ing  from  th e  isoelectric p o in t to  p H  7-0 co r­
responds to  th e  decrease in  ac id -b ind ing  cap ac ity , 
a n d  m ay  be a tt r ib u te d  to  t i tr a t io n  o f carboxy l g roups 
w hich  h av e  re v e r te d  to  th e  un ch arg ed  fo rm  on  th e  
rem oval o f th e  basic g roups. T he increase in  base- 
b ind ing  cap ac ity  a t  p H  12-6 in d ica tes  th a t  a b o u t
0-18 m m ol./g . o f som e group  o r g roups n o t t i t r a t in g  
in  th e  orig inal collagen is now  b ind ing  base betw een  
p H  7 an d  12-5.
M ethylated collagen. T he t i tr a t io n  cu rves o f 
collagens MG^ a n d  M O 4 (m e th y la ted  w ith  d im e th y l 
su lp h a te ) a n d  MCg (m e th y la ted  w ith  m e th y l b ro ­
m ide) a re  show n in  F ig . 2. I n  ag reem en t w ith  th e  
hypo thesis th a t  m é th y la tio n  involves estérifica tion  
o f ion ized  carboxy l g roups w hich  a re  th e  hyd rogen  
ion-fix ing groups in  th e  orig inal p ro te in , w h ils t th e  
basic g roups rem a in  charged , th e  ac id -b ind ing  
capacities o f  th e  m e th y la te d  collagen are  decreased  
b y  a n  a m o u n t ap p ro x im ate ly  co rresponding  to  
th e ir  m e th o x y l co n ten ts . T he decrease in  acid- 
b in d in g  cap ac ity , how ever, is s lig h tly  less th a n  th e  
m ethoxy l co n ten t o f th e  collagen, possib ly  ow ing to
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loss o f m e th y l g roups b y  hydro lysis du ring  co n tac t 
w ith  th e  so lu tion . Also, since th e  isoelectric p o in t of 
th e  m e th y la te d  collagen is ab o u t one p H  u n it  higher 
th a n  th a t  o f th e  orig inal collagen, som e o f th e  im ida­
zole g roups o f h is tid ine  w hich w ere prev iously  
charged , an d , therefo re , t i t r a te d  w ith  alkali, w ill 
h av e  lo s t th e ir  charge an d  now  co n tr ib u te  to  th e  
ac id -b ind ing  capac ity .
F in a l p H
Fig. 2. Titration curves of collagen and modified collagens. 
^ u n t r e a t e d ;  4 h, deaminated; 0 — 0 , esteri­
fied with methyl sulphate, OH, content 1 04% ; •—#, 
esterified with methyl sulphate, CHg content 1 04%; 
corrected for hydrolysis of OCHg groups; ® —® , esteri­
fied with methyl sulphate, CHg content 1-57%; 0 —0 ,  
esterified with methyl bromide, CHg content 0 35%; 
■—■, esterified with methyl bromide, corrected for 
OCHg hydrolysis; 0 —0 ,  deaminated and esterified 
with methyl sulphate, CHg content 1 29 %.
T he a lkaline section  o f th e  cu rve  is m ore difficult 
to  in te rp re t fo r,excep t over a  com para tive ly  sm all p H  
range , hydro lysis o f m e th o x y l g roups tak es pi ace w ith  
th e  consum ption  o f a lkali. T he m eth o x y l c o n ten t o f 
th e  collagens, a f te r  c o n tac t w ith  th e  so lu tion , w as 
de te rm ined  a n d  a  correc tion  app lied  fo r th e  a lka li 
consum ed; th is  is on ly  app ro x im a te , b u t  th e  co r­
re c te d  re su lts  suggest th a t  ap p rec iab ly  less a lka li is 
bo im d  b y  th e  m e th y la te d  th a n  b y  th e  original 
collagen. I n  th e  case o f collagen m e th y la te d  w ith  
m e th y l b rom ide, th e  t i tr a t io n  curve show s th a t  less 
a lka li is bo u n d  even  before th e  correction  is app lied .
Sw elling  curves 
D eam inated collagen. T hé  u p ta k e  o f w a te r b y  th e  
d eam in a ted  collagen (see F ig . 3) differs from  th a t  o f 
th e  o rig inal collagen in  a  m an n e r b ro ad ly  co rre ­
spond ing  to  th e  differences in  th e  t i t r a t io n  curves 
(Fig. 2), b u t  a t  all p H  values th e  w a te r u p ta k e  is 
ra th e r  g rea te r th a n  w ould  be  expec ted  from  con ­
s idera tion  o f th e  changes in  th e  reac tiv e  g roups. T his
suggests th a t  d eam in a tio n  has decreased  th e  cohesion 
o f th e  collagen so allow ing i t  to  ta k e  u p  m ore w ate r.
M ethylated collagen. I n  th e  p H  range  o f s ta b il ity  
of th e  m e th o x y l groups, i.e. 2 -9 , th e  w a te r u p ta k e  o f 
m e th y la te d  collagen is co n stan t, an d , w hen  th e  
collagen is fu lly  m e th y la ted , is ap p ro x im ate ly  th e  
sam e a s  th e  m ax im u m  w a te r u p ta k e  o f th e  u n tre a te d  
collagen a t  p H  2 0 (see F ig . 3). T his h igh  w a te r u p ta k e  
over such  a  w ide p H  range  m a y  be  ascribed  to  th e  
p resence o f an ions in  e lec tro v a len t assoc ia tion  w ith  
th e  basic  g roups, an d  consequen t se ttin g  u p  o f a  
D o n n an  m em brane  equ ilib rium  a n d  a  sw elling 
p ressu re  (D onnan , 1911, 1924; B olam , 1932). I n  
th is  resp ec t, m e th y la te d  collagen corresponds to  
collagen a t  th e  p o in t o f m ax im um  com bination  w ith  
acid.
700
600
500
400
300
200
100
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Final pH
Fig. 3. The uptake of water by untreated A —A , deami­
nated 4 h, and methylated collagen 0 — 0 ,  a t pH
values hom  0 5 to 13 5.
C om bination o f untreated and modified collagens w ith  
. tannic acid, m im osa tann ins, chrom ium  and  
form aldehyde
T a n n in s . T he conditions o f tr e a tm e n t w ere th e  
sam e fo r a ll th e  m odified collagens, a n d  i t  is re a so n ­
ab le , th e re fo re , to  assum e th a t  a n y  differences in  th e  
a m o u n t o f ta n n in  b o u n d  a re  p rim arily  due  to  
m od ification  o f th e  collagen.
M odification  o f th e  am ino  a n d  ca rboxy l g roups o f 
th e  collagen affects th e  com bination  o f b o th  tan n ic  
a c id  (hydro lyzable  tan n in ) an d  m im osa (condensed 
ta n n in )  w ith  collagen in  a  sim ilar m an n e r (Figs. 4 -6 ). 
D eam in a tio n  decreased  th e  am o u n t o f ta n n in  bo u n d  
a t  p H  values below  4 0, b u t  h a d  h t t le  effect a t  h igher 
p H  values, a n d  estérification  o f th e  ca rboxy l groups 
caused  m ax im u m  com bina tion  o f ta n n in  to  ta k e  
p lace a t  m uch  h igher p H  values, a n d  to  rem ain  
• co n s ta n t a t  th is  m ax im um  over a  w ide p H  ran g e  ; th is  
w as especially  m arked  w ith  m im osa ta n n in  (Fig. 6): 
T he ad d itio n  o f 0 5 M-NaCl decreased  th e  am o u n t 
o f tan n ic  ac id  bound  b y  u n tre a te d  an d  d eam in a ted
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Fig. 4. Combination of tannic acid with collagen and 
modified collagen in the absence of added NaCl. A —A>
untreated; H F, deaminated; 0 — 0 ,  esterified with
methyl sulphate; 0 —0 ,  esterified with methyl bromide; 
© —© , deaminated and esterified with methyl sulphate.
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Fig. 6. Combination of mimosa tamiins with collagen and 
modified collagen in the absence of added NaCl. A —A  >
untreated; H deaminated; 0 — 0 ,  esterified with
methyl sulphate ; 0 —0 ,  esterified with methyl bromide.
2-0
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Fig. 7. Combination of chromium with collagen and modi­
fied collagen. A —A , untreated; -) F, deaminated;
0 — 0 ,  esterified with methyl sulphate; © —© , de­
aminated and esterified with methyl sulphate.
Fig. 6. Combination of tannic acid with collagen and modi­
fied collagen in the presence of O-fiM-NaCl. A —A>
treated; -| F, deaminated; 0 — 0 ,  esterified with
methyl sulphate; 0 —0 ,  esterified with methyl bromide.
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Fig. 8. Combination of formaldehyde with coUagen and 
modified collagen. A —A , untreated; + F, deami­
nated; 0 —0 ,  esterified with methyl sulphate.
Vol. 4 4 DEAMINATION AND ESTERIFICATION OF COLLAGEN 149
collagen, a n d  by  collagen m e th y la ted  w ith  m e th y l 
b rom ide, especially  a t  low p H  values. T he tan n ic  
ac id  bo im d  b y  th e  collagen m e th y la te d  w ith  m eth y l 
su lp h a te  w as on ly  s ligh tly  decreased a t  p H  values 
below  5-0, a n d  a t  h igher p H  values w as appreciab ly  
increased  by  th e  presence o f N aCl.
T he sh rinkage tem p era tu res  of th e  collagen and  
m odified  collagen w ere increased  from  ab o u t 60 to  
betw een  66 a n d  84° b y  com bination  w ith  tan n ic  acid  
or m im osa ta im in , m ax im um  values in  general being 
o b ta in ed  w hen  th e  p H  o f th e  ta im in  so lu tion  was 
betw een  3-0 a n d  4 0. T he increase in  shrinkage 
te m p e ra tu re  w as ra th e r  g rea te r w ith  m im osa tan n in  
th a n  w ith  tan n ic  acid , possib ly  because o f th e  lower 
ac id ity  o f m im osa ta n n in  (H obbs, 1940). T he d e ­
am in a ted  a n d  m e th y la te d  collagens ten d ed  to  have  
low er sh rinkage tem p e ra tu re s  th a n  th e  original 
collagen tre a te d  u n d e r th e  sam e conditions, an d  
v a ria tio n s  o f sh rinkage te m p e ra tu re  w ith  th e  p H  of 
th e  ta n n in  so lu tions w ere less.
Chrom ium . T he ch rom ium  bo u n d  b y  th e  orig inal 
collagen increased  sh a rp ly  w ith  increase in  p H  of th e  
chrom ivun su lp h a te  so lu tion  u p  to  4 0, an d  th e n  
rem ain ed  co n s ta n t over th e  p H  range stu d ied  
(Fig. 7). D eam in a tio n  decreased  th e  com bination  
o f clirom ium  over th e  w hole p H  range  an d  reduced  
th e  m ax im u m  am o u n ts  com bined b y  ap p rox im ate ly  
half. M éthy la tion  decreased  com bination  to  a  m uch  
g rea te r ex te n t. C hrom ium  hyd rox ide  w as p rec ip i­
ta te d  on  th e  surface o f th e  m e th y la te d  collagens a t  
’ th e  h igher p H  values a n d  w as difficult to  rem ove ; 
th is , coupled  w ith  th e  poss ib ility  th a t  som e groups 
a re  d isp laced  b y  ch rom ium  d u ring  th e  tre a tm e n t, 
m akes i t  n o t un reasonab le  to  assum e th a t  in  th e  
absence o f ca rboxy l g roups no  ch rom ium  w ould  be 
bo u n d  b y  collagen. D eam in a tio n  o f th e  m e th y la te d  
collagen caused  on ly  a  fu r th e r  sm all decrease in  
th e  ch rom ium  bound . A lthough  th e  am o u n t o f 
ch rom ium  b o im d  b y  th e  d eam in a ted  collagen w as 
less th a n  th a t  b o u n d  b y  th e  orig inal collagen, th e  
m ax im u m  shrinkage te m p e ra tu re  ob ta ined  w as th e  
sam e. T re a tm e n t w ith  ch rom ium  su lp h a te  caused 
no  change in  th e  sh rinkage tem p e ra tu re  o f m e th y ­
lated ' colagen.
Formaldehyde.. A t p H  values below  2 0, negligible 
a m o u n ts  o f fo rm aldehyde w ere bo u n d  b y  b o th  th e  
u n tre a te d  an d  m odified collagens: from  p H  2 to  8 
th e  a m o u n t b o u n d  increased , rem ained  co n s tan t 
b e tw een  p H  8 a n d  9, a n d  th e n  increased  aga in  a t  
h igher p H  values (see F ig . 8). D eam ina tion  g re a tly  
red u ced  com bination  betw een  p H  2 a n d  9. T he 
a m o u n t o f fo rm aldehyde b o u n d  b y  th e  u n tre a te d  
collagen u p  to  p H  9 0, an d  th e  decrease in  com b ina­
tio n  follow ing deam in a tio n , correspond  to  consider­
ab ly  less th a n  th e  com bination  o f one fo rm aldehyde 
m olecule b y  each  am ino  group  ; sim ilarly , th e  am o u n t 
bound  from  p H  9 0 to  13 0, th e  u p p er lim it o f p H  
covered, on ly  corresponds to  th e  com bination  o f one
m olecule o f fo rm aldehyde b y  each  o f h a lf  th e  to ta l  
n u m b e r o f guan id ino  groups.
W ith  u n tre a te d  a n d  m e th y la te d  collagen th e  
com bination  o f as li tt le  as 0 4 g. fo rm aldehyde/100  g. 
ra ised  th e  sh rinkage te m p e ra tu re  to  its  m ax im um  
value  (78-80°), w hereas th e  com bination  o f 0 8 g. 
fo rm ald e h y d e /100 g. le ft th e  slirinkage te m p a ra tu re  
o f th e  d eam in a ted  collagen unchanged .
D ISC U SSIO N
D eam ination. U nder th e  ex p erim en ta l conditions 
em ployed , tr e a tm e n t w ith  n itro u s  ac id  rem oved  
a lm o st all th e  am ino  groups from  collagen an d  
decreased  th e  arg in ine  co n ten t b y  ab o u t 20 % . T he 
course o f th e  reac tio n  w ith  th e  am ino groups is w ell 
know n, b u t h tt le  a tte n tio n  ap p ea rs  to  h av e  been 
g iven  to  th e  reac tio n  w ith  th e  guan id ino  groups. 
B an cro ft & B elden  (1931) an d  B an cro ft & R idgw ay  
(1931) h av e  show n th a t  guan id ine  reac ts  w ith  n itro u s  
ac id  to  g ive cyanam ide an d  am m onia, a n d  i t  is 
possib le th a t  a  sim ilar reac tio n  tak es  p lace w ith  th e  
guan id ino  groups in  p ro te in s , nam ely .
/ N H ,  
—C E „N H .C + HONO —OH,. N H . CN -fN H , .
I n  ag reem en t w ith  th is  hypo thesis, K an ag y  & H arris  
(1935) h av e  show n th a t  am m on ia  is fo rm ed  w hen 
arg in ine  is tr e a te d  w ith  n itro u s  ac id ; th is  am m onia  
w ill re a c t w ith  n itro u s  acid  to  give th e  excess n itro g en  
observed  in  th e  V an  Slyke d e te rm in a tio n  of am ino  N 
(P lim m er, 1924; H u n te r , 1929; K an ag y  & H arris , 
1935; L ieben  & Loo, 1942; V an  S lyke, H ille r & 
D illon , 1942). T h is hypo thes is w ould  also exp la in  
th e  h igher am ide  N  o f th e  d eam in a ted  collagen com ­
p a re d  w ith  th e  orig inal collagen since, u n d e r  th e  
cond itions o f th e  d e te rm in a tio n , th e  — N H .C N  
group  w ould  p ro b ab ly  y ie ld  am m onia . T h is increase 
in  am ide  N  is o f th e  sam e o rder as th e  decrease in  
th e  arg in ine  c o n ten t o f th e  collagen.
T he reac tio n  p o s tu la te d  above is also consis ten t 
w ith  those  changes in  th e  t i t r a t io n  cu rve  w hich 
can n o t be  a ttr ib u te d  to  loss o f am ino  N . Loss o f th e  
s tro n g ly  basic  guan id ino  groups accoun ts  fo r th e  
decrease in  acid -b ind ing  cap ac ity ; ca rboxy l g roups 
eq u iv a len t to  th e  guan id ino  g roups lo s t w ill re v e r t 
from  th e  zw itterion  s ta te  (— COO") to  th e  u n ­
charged  s ta te , an d  will t i t r a te  be tw een  th e  isoelectric 
p o in t a n d  p H  7-0, a n d  th e  — N H .C N  groups, being 
feeb ly  acidic, w ill t i t r a te  be tw een  p H  7 an d  12, th u s  
accoun tm g  for th e  increased  base-b ind ing  capacities 
in  these  ranges. Since guan id ino  groups do n o t 
t i t r a te  w ith  base u p  to  p H  12*5 (Bowes & K en ten , 
1948a), th e  to ta l  base-b ind ing  cap ac ity  shou ld  be 
increased  b y  an  am o im t equal to  tw ice th e  —N H . CN 
groups form ed, i.e. base b o u n d  b y  th e  ad d itio n a l
150 J. H. BOWES AND R. H. KENTEN 1 9 4 9
vui-ionized carboxy l g roups p lus th a t  bom id  by  
— N H . CN groups. O n th is  basis, a n d  assm ning  th a t  
0 06 m m ol./g . am ino groups rem ain  (see T able  1), 
th e  cu rve  ind ica tes th a t  ab o u t 0 10 m m ol./g . 
guan id ino  groups a re  converted  to  cyan ide groups. 
(D ecrease in  ac id  b ind ing  m  excess o f th a t  due  to  
am ino  g roups, 0 1 2  m m ol./g . ; base bo u n d  betw een  
7 a n d  12, OTO m m ol./g ., an d  to ta l  increase in  base- 
b ind ing  capac ity , 0 20 m m ol./g .) T his figure is in 
good ag reem ent w ith  decrease in  arg in ine co n ten t 
fo u n d  b y  analysis, 0 09 m m ol./g .
Estérification. L ike th e  carboxy l g roups o f am ino- 
acids, those  o f wool, silk , ge la tin , a n d  collagen can 
be  esterified  w ith  m e th y l su lp h a te  a n d  m e th y l 
brom ide (B lackb iun  et al. 1941; B lack b iu n  & 
P hillips, 1944).
T he evidence o b ta in ed  in  th e  p resen t inves tiga tion  
confirm s tlfis view  w ith  respec t to  collagen. T he 
reac tio n  w ould  ap p ea r to  necess ita te  th e  presence of 
basic  g roups eq u iv a len t to  carboxy l g roups ; i t  w as 
found , how ever, th a t  d eam ina tion  d id  n o t decrease 
th e  e x te n t o f m é th y la tio n . B lack b iu n  & P h illips 
(1944) considered  th a t  th e  lysine c o n ten t o f wool is 
so low  th a t  its  rem oval does n o t m a te ria lly  affect th e  
n u m b er o f basic g roups. T his ex p lan a tio n  is n o t 
app licab le  to  collagen since am ino  groups form  ab o u t 
one th ird  o f th e  to ta l  basic g roups, a n d  a  m ore likely 
ex p lan a tio n  is th a t  as ionized carboxy l g roups a re  
esterified, f iu th e r  ca rboxy l g roups ionize u n d e r th e  
influence o f th e  guan id ino  groups, so th a t  ev en tu a lly  
a ll ca rboxy l g roups are  esterified.
C onsideration  o f th e  values fo r th e  free carboxy l 
g roups in  th e  u n tre a te d  collagens, as in d ica ted  by  
analysis a n d  b y  th e ir  t i tr a t io n  curves (Bowes & 
K en ten , 19486), show s th a t  a ll th e  m eth o x y l g roups 
in tro d u ced  can  be acco u n ted  for on  th e  basis o f 
estérifica tion  o f ca rboxy l g roups. I n  th ree  ex p eri­
m en ts , th e  nu m b er o f m e th o x y l groups w as sligh tly  
in  excess o f th e  nu m b er o f free carboxy l groups b u t 
th is  excess w as w ith in  th e  ex p erim en ta l e rror. 
B lack b u rn  et al. (1941) a n d  B lackbu rn  & Phillips 
(1944) found  th a t  th e  m e th o x y l g roups in tro d u ced  
b y  m ethy] su lp h a te  exceeded th e  n u m b er o f free 
c a rboxy l g roups behoved to  be p resen t in  wool, silk, 
ge la tin , a n d  collagen, a n d  suggested  th a t  m é th y ­
la tio n  also occurred  a t  c e rta in  ‘a c t iv a te d ’ p ep tid e  
links. I t  is now  know n (Bowes & K en ten , 1948 a) 
th a t  th e  values ta k e n  fo r th e  n u m b er o f carboxy l 
g roups in  g e la tin  an d  collagen w ere low, an d  th e  
p re sen t w ork  show s th a t  w ith  collagen th e re  is no  
necess ity  to  p o s tu la te  an y  fo rm  o f O-m éthy la tion  
o th e r  th a n  th a t  o f carboxyl g roups. I t  is possible 
t h a t  fu tu re  d e te rm ina tions o f th e  d icarboxylic  acids 
in  wool a n d  silk  w ill o bv ia te  th e  necessity  o f assum ing  
th a t  th ese  p ro te in s undergo  p ep tid e  m é th y la tio n .
T he low  am ino-n itrogen  values o f th e  m e th y la ted  
collagens suggest th a t  som e N -m éth y la tio n  h as  
occurred , especially  w ith  m e th y l b rom ide. T he low er
base-b ind ing  cap ac ity  o f th e  m e th y la te d  collagens 
as com pared  w ith  th a t  o f u n tre a te d  collagen m ay  also 
be due to  N -m éthy la tion , for a lth o u g h  th e  in tro ­
d u c tio n  o f a  m eth y l g roup  w ill n o t e lim inate  th e  basic 
charac te ris tics  o f th e  am ino g roup , i t  will, by  analogy  
w ith  th e  m ethy lam ines, increase th e  p K  o f these  
g roups an d  hence cause a  sh ift in th e  t i tr a t io n  c iu v e  
to  h igher p H  values. I t  is possible th a t  th e  ti tr a t io n  
curves of th e  m e th y la ted  collagen w ould  show  th e  
sam e m ax im um  base-b ind ing  cap ac ity  as th e  original 
collagen if  carried  to  h igher p H  values. I t  is also 
possible th a t  th e  red u c tio n  in  base-b ind ing  cap ac ity  
o f th e  collagen m e th y la ted  w ith  m e th y l su lp h a te  is 
re la te d  to  th e  presence o f n itro g en  in  th e  so lu tions 
a fte r  co n tac t w ith  th e  collagen ; if  th is  n itrogen  w ere 
p resen t as a  base (for in stance , as m e th y  lam ine) i t  
w ould t i t r a te  a n d  so reduce  th e  a p p a re n t fixa tion  of 
base by  th e  collagen.
Combination of collagen and modified collagens w ith  
tann ins, chrom ium  and form aldehyde. A lthough  
ta n n ic  acid , in  co n tra s t to  th e  tan n in s  o f m im osa, 
con ta in s acidic g roups (S m ith an k ar & J a tk e r ,  1938; 
A b ichandan i & J a tk e r ,  1938; C heshire, B row n & 
H olm es, 1941) w hich m ig h t be expected  to  fo rm  sa lts  
w ith  th e  basic g roups o f th e  collagen, th e  m ode o f 
com bination  w ith  collagen ap p ears  to  be th e  sam e 
w ith  b o th  m ateria ls . T he resu lts  as a  w hole are  con ­
s is te n t w ith  th e  supposition  th a t  com b ina tion  of 
ta n n in  is re la ted  to  th e  positive  charge carried  b y  th e  
p ro te in . W ith  th e  u n tre a te d  collagen, com b ination  
is g rea te s t be tw een  p H  1*5 a n d  2 0 w hen th e  collagen 
carries its  m ax im u m  n e t positive  charge, decreases 
as th e  p H  increases a n d  th e  n e t positive  charge  
decreases, a n d  ev en tu a lly  is reduced  to  negligible 
p ro p o rtio n s a t  p H  8 0 -9  0 w hen  th e  basic g roups 
begin  to  lose th e ir  positive  charge an d  th e  p ro te in  
carries a  n e t  neg a tiv e  charge. D eam in a tio n  w hich 
decreases th e  positive  charge on th e  collagen, 
decreases com b ination  o f ta n n in , an d  estérification , 
w hich  causes th e  collagen to  c a rry  its  m ax im um  
positive charge over th e  w hole p H  s ta b il ity  ran g e  o f 
th e  m e th o x y l g roups, causes com bination  of ta n n in  
also to  be a t  a  m ax im um  over th is  range . E x p e ri­
m en ts  ind ica te  th a t  th e  m olecu lar w eigh t o f tan n ic  
ac id  an d  m im osa ta n n in  is 1700 (B rin tz inger & 
B rin tz inger, 1931; H u m p h rey s & D ouglas, 1937), 
a n d  th e  eq u iv a len t w eigh t o f ta n n ic  ac id  is o f th e  
sam e o rder (Cheshire et al. 1941). U sing th ese  
figures, a n  in te res tin g  com parison  can  be m ade  
betw een  th e  am o u n ts  o f ta n n in  b o u n d  a n d  th e  acid- 
b ind ing  cap ac ity  o f th e  collagens (see T ab le  4). T he 
m olecu lar am o u n ts  o f ta n n in  com bined  w ith  th e  
u n tre a te d  an d  d eam in a ted  collagens betw een  p H
1-5 a n d  2 0 a re  o f th e  sam e o rder as th e ir  ac id -b ind ing  
capacities ; d eam in a tio n  halves th e  ac id -b ind ing  
cap ac ity  an d  also halves th e  am o u n t o f ta n n ic  acid  
a n d  m im osa ta n n in  b ound . T h is suggests th a t  one 
m olecule o f ta n n in  is associa ted  w ith  each  basic
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g roup . A lthough  th e  am o u n ts  of ta n n in  b ound  are 
d ep en d en t on th e  concen tra tio n  o f ta n n in  in  th e  
so lu tion , th e  tim e  o f tr e a tm e n t a n d  m eth o d  of 
w ash ing , i t  w ould  seem  reasonab le  to  assum e th a t  
th e re  is som e significance in  these  sto icheiom etric 
re la tionsh ip s.
T ab le  4. A c id  and ta n n in  bound by collagen 
and deam inated collagen
(Results in mmol./g.)
Acid-
Tannin bound between 
pH 15 and 2-0
binding Tannic Mimosa 
CoUagen capacity acid tannin
Untreated 0 88 . 10 0 80
coUagen A
Deaminated 0 44 0 50-0 55 0 41
coUagen DA^
T he p re sen t re su lts  em phasize th e  essential p a r t  
p lay ed  b y  th e  carboxy l g roups in  th e  b ind ing  of 
ch rom ium , a n d  s tren g th en  th e  cu rren t view  th a t  
th e  fixa tion  o f m e ta ls  involves com plex form ation  
w ith  th e  ca rboxy l g roups o f th e  p ro te in  in  a  m anner 
analogous to  th e  com plex fo rm atio n  w hich occurs 
w ith  th e  ca rboxy l g roups of organic acids (for review  
o f li te ra tu re  see Bowes, 1948). T he am ino groups also 
ap p ea r to  be invo lved  since deam ina tion  decreased 
th e  am o u n ts  b o u n d  b y  th e  u n tre a te d  collagen, 
th o u g h  n o t b y  th e  m e th y la te d  collagen. T hese 
findings a re  consis ten t w ith  th e  hypothesis th a t  
com bination  o f ch rom ium  involves co-ord ination  o f 
b o th  ca rboxy l an d  am ino  (or o th e r basic groups) 
w ith  th e  sam e ch rom ium  com plex. A  sim ilar h y p o ­
thesis  has been  p u t  fo rw ard  to  accoun t fo r th e  f ix a ­
tio n  o f calc ium  b y  p ro te in s  (G reenberg, 1944), an d  
fo r th e  h ig h  th e rm a l s ta b il ity  o f ch rom e-taim ed 
le a th e r (K ün tze l & R iess, 1936). ■
A lthough  th e  v a lid ity  o f sto icheiom etric  re la tio n ­
ships betw een  th e  am o u n ts  o f ch rom ium  bo u n d  an d  
th e  reac tiv e  groups o f th e  coUagen m ay , in  view  o f 
th e  com plex ity  o f th e  sy s tem , be open to  question , i t  
is of in te re s t to  n o te  th a t  th e  a m o u n t of chrom ium  
bo u n d  betw een  p H  4 a n d  5 ap p ro x im a te ly  co rre­
sponds to  th e  fixa tion  o f tw o clrrom ium  atom s b y  
each  carboxy l g roup , a n d  th e  decrease in  com bina­
tio n  caused  b y  tr e a tm e n t w ith  n itro u s  acid  co rre­
sponds ap p ro x im a te ly  to  tw o  chrom ium  a tom s for 
each  basic g roup  lost. I t  is p robab le  th a t  th e  
ch rom ium  aggregates in  th e  ta n n in g  so lu tions used 
con ta ined , on th e  average , tw o chrom ium  a to m s 
(Bowes, 1948).
T he evidence suggests th a t ,  in  coUagen, th e  am ino  
a n d  guan id ino  groups are  th e  m a in  cen tres invo lved  
ifi th e  b ind ing  o f fo rm aldehyde, an d  th e re  is no  
evidence th a t  th e  am ide  groups a re  concerned u n d er
th e  cond itions em ployed. T he im p o rtan ce  o f th e  
am ino g roups ra is in g  th e  sh rinkage te m p e ra tu re  
(G ustavson , 1943) is confirm ed. F ree  am ino  groups 
also p la y  an  essen tia l p a r t  in  th e  h a rden ing  o f casein 
w ith  fo rm aldehyde (N itschm ann  & H ad o rn , 1944; 
N itsch m an n  & L auener, 1946), a n d  i t  is p robab le  
th a t  a  sim ilar m echan ism  is invo lved , n am ely , th e  
fo rm atio n  o f cross links betw een  ad ja c e n t p o ly p ep ­
tid e  chains. N itsch m an n  & H a d o rn  (1944) a n d  
N itsch m an n  & L au en er (1946) discuss th e  v arious 
w ays in  w liich such  cross Units m a y  be  fo rm ed  an d  
consider th a t  a  cross link  betw een  e-NH^ groups a n d  
— N H —  groups o f th e  p ep tid e  lin k  is th e  m o st 
p robab le . (F or fu r th e r  discussion on th is  p o in t see 
F raen k e l-C o n ra t, Cooper & O lco tt, 1945; F ren ch  & 
E d sa ll, 1945; Bowbs, 1948.)
SUM M ARY
1. CoUagen h as  been  deam in a ted  w ith  n itro u s  
ac id  a n d  esterified  w ith  m e th y l su lp h a te  an d  m e th y l 
b rom ide, a n d  th e  effect o f th ese  tre a tm e n ts  on  th e  
re a c tiv ity  o f coUagen tow ards acids, bases, tan n in s , 
ch rom ium  a n d  form aldehyde h as  been  determ ined . 
M odification  o f th e  guanid ino  groups b y  tr e a tm e n t 
w ith  h y p och lo rite  (Sakaguchi (1925) reac tion ) w as 
on ly  p a r tia l ly  successful; only  4 0 -5 0 %  o f th e  
arg in ine  w as destro y ed  an d  th e re  w as ex tensive  
general b reakdow n  o f th e  coUagen.
2. T re a tm e n t w ith  n itro u s  ac id  rem oved  a lm ost 
•all th e  am ino  groups from  coUagen a n d  decreased  
th e  a rg in ine  c o n te n t b y  ap p ro x im a te ly  20 % . E v i­
dence deduced  from  analysis a n d  t i t r a t io n  curves 
suggests th a t  th e  guanid ino  groups a re  co n v erted  
in to  cyanam ide  groups.
3. AU th e  0 -m ethy l g roups In tro d u ced  in to  co l­
lagen  b y  m e th y l su lp h a te  an d  m e th y l b rom ide can  
b e  acco u n ted  fo r on  th e  basis o f estérifica tion  of 
c a rb o x y l g roups. T here is an  in d ica tio n  th a t  som e 
N -m éth y la tio n  occurs, especially  w ith  m e th y l 
b rom ide.
4. F ro m  a  s tu d y  of th e  com bination  o f tan n in s , 
ch rom ium  a n d  fo rm aldehyde w ith  u n tre a te d , d e ­
a m in a te d  a n d  m e th y la ted  coUagen, i t  is suggested  
th a t  com b ination  of tan n in s  is re la te d  to  th e  positive  
charge ca rried  b y  th e  coUagen, com b ination  o f 
ch rom ium  involves co -o rd ination  o f b o th  am ino  an d  
ca rboxy l g roups o f th e  coUagen w ith  th e  sam e 
ch rom im n com plex, a n d  com bination  w ith  fo rm a l­
dehyde occurs m ain ly  w ith  th e  am ino  an d  guan id ino  
g roups. Increase  in  th e rm a l s ta b ih ty  re su lts  only  
from  com bination  o f fo rm aldehyde w ith  am ino  
g roups.
Thanks are due to Dr E. F. Gale for supplying the lysine 
decarboxylase and to the Council of the British Leather 
Manufacturers’ Research Association for permission to 
publish this paper.
152 J. H. BOWES AND R. H. KENTEN 1 9 4 9
R E F E R E N C E S
Abichandani, C. T. & Jatker, S. K. K. (1938). J. Indian 
Inst, Sci. 21 A, 189.
Atkin, W. R. (1937). Stiasnyfestschrift, p. 13. Darmstadt: 
Roether.
Baernstein, H. D. (1932). J . biol. Cheni. 97, 663. 
Baernstein, H. D. (1936). J .  biol, Chevi. 115, 25.
Bancroft, W. D. & Belden, B. C. (1931). J . phys. Chem. 35, 
2685.
Bancroft, W. D. & Ridgway, S. L. (1931). J . phys. Chem. 
35, 2950.
Blackburn, S., Carter, E. G. H. & Phillips, H. (1941).
Biochem. J. 35, 627.
Blackburn, S. & Phillips, H. (1944). Biochem. J . 38, 171. 
Bolam, F. R. (1932). The Donnan Equilibria. London: 
G. Bell and Sons, Ltd.
Bowes, J. H. (1948). Progress in Leather Science, 1920-1945, 
pp. 501, 519. London : British Leather Manufacturers’ 
Research Association.
Bowes, J . H. & Kenten, R. H. (1948a). Biochem. J. 43, 358. 
Bowes, J . H. & Kenten, R. H. (19485). Biochem. J. 43, 365. 
Bowes, J . H. & Pleass, W. B. (1939). J . Soc. Leath. Tr. 
Chem. 23, 453.
Brintzinger, H. & Brintzinger, W. (1931). Z. anorg. Chem. 
196, 33.
Burns, J . H. (1914). Biochem. J. 8, 14.
Chang, P. C., Yen, C. T. & Chen, H. L. (1944). J. Chin.
chem. Soc. 11, 84.
Cheshire, A., Brown, W. B. & Holmes, N. L. (1941). J . Soc.
Leath. Tr. Chem. 25, 254.
Clark, E. P. (1932). J . Ass. off. agric. Chem., Wash., 15, 
136.
Clark, E. P. (1939). J . Ass. off. agric. Chem., Wash., 22, 262. 
Davies, H. M. & Innes, R. F. (1944). J. Soc. Leath. Tr. 
- Chem. 28, 98.
Donnan, F. G. (1911). Z. Elektrochem. 17, 572.
Donnan, F. G. ^924). Chem. Rev. 1, 73.
Dowden, H. C. (1938). Biochem. J . 32, 455.
Fodor, A. & Epstein, C. (1937). Hoppe-Seyl. Z. 171, 222. 
Fraenkel-Conrat, H., Cooper, M. & Olcott, H. S. (1945).
J .  Amer. chem. Soc. 67, 950.
French, D. & Edsall, J . T. (1945). Advanc. prot. Chem. 2, 
277.
Gale, E. F. (1945). Biochem. J . 39, 46.
Geake, A. & Nierenstein, M. (1914). Biochem. J. 8, 287. 
Greenberg, D. M. (1944). Advanc. prot. Chem. l ,  121. 
Gustavson, K. H. (1926). J . Amer. chem. Soc. 48, 2963. 
Gustavson, K. H. (1943). Kolloidschr. 103, 43.
Heathcote, J . G. (1948). Biochem. J . 42, 305.
Herriott, R. M. (1947). Advanc. prot. Chem. 3, 169. 
Highberger, J . H. & Moore, E. K. (1929). J . Amer. Leath.
Chem. Ass. 21, 68.
Highberger, J . H. & Retzsch, C. E. (1939). J . Amer. Leath. 
Chem. Ass. 34, 131.
Highberger, J. H. & Salcedo, L. S. (1940). J. Amer. Leath, 
Chem. Has. 35, 11.
Hobbs, R. B. (1940). J . Amer. Leath. Chem. Ass. 35, 
272.
Humphreys, F. E. & Douglas, G. W. (1937). J. Soc. Leath.
Tr. Chem. 21, 378.
Hunter, A. (1929). J. biol. Chem. 82, 731.
Kanagy, J . R. & Harris, H. (1935). Bur. Stand. J . Res., 
Wash., 141, 563.
Küntzel, A. (1943). Gerbereichemisches Taschenbuch, 5th cd., 
p. 41. Dresden and Leipzig: Steinkopff.
Küntzel, A. & Riess, C. (1936). Collegium, pp. 138, 635. 
Lieben, F. & Loo, Y. C. (1942). J. biol. Chem. 145, 223. 
Lindloy, H. & Piiillips, H. (1947). Biochem. J . 41, 34. 
Lollar, R. M. (1943). J . Amer. Leath. Chem. Ass. 38, 51. 
Meunier, E. & Schweikert, E. (1935). J . Soc. Leath. Tr. 
Chem. 19, 300.
Nitschmami, H. & Hadorn, H. (1944). Helv. chim. Acta, 26, 
10.
Nitschmann, H. & Lauener, H. (1946). Helv. chim. Acta, 
29, 184.
Olcott, Ai S. & Fraenkel-Conrat, H. (1947). Chem. Rev. 41, 
151.
Pliilpbt,’J. St. L. & Small, P. A. (1938). Biochem. J . 32, 
534, 542.
Plimmer, R. H. A. (1924). Biochem. J . 18, 105.
Pregl, F. (1930). Quantitative Organic Microanalysis, 2nd 
ed., p. 190. London: Churchill.
Roche, J . & Morgue, M. (1946). C.R. Acad. Sci., Paris, 222, 
1142.
Sakaguchi, S. (1925). J. Biochem., Tokyo, 5, 1.33, 143. 
Steudel, H. & Schumann, R. (1929). Iloppe-Seyl. Z. 183, 
168.
Sunthankar, S. R. & Jatker, S. K. K. (1938). J . Indian Inst.
iS'ci. 21A, 209.
Theis, E. R. (1945). J. biol. Chem. 157, 15.
Theis, E. R. (1946). Trans. Faraday Soc. 42 B, 244. 
Thomas, A. W. & Foster, S. B. (1926). J . Amer. chem. Soc. 
48, 489.
Thomas, A. W. & Kelly, M. W. (1926). J. Amer. chem. 80c. 
48, 1312.
Van Slyke, D. D., Hiller, A. & Dillon, R. T. (1942). J. biol.
Chem. 140, 142.
Vieboch, F. & Schwappach, A. (1930). Ber. dtsck. chem. Ges. 
63, 2818.
Wiley, F. H. & Lewis, H. B. (1930). J . biol. Chem. 86, 
511.
Wilson, J . A. & Kern, E. J . (1921). Induslr. Engng Chem. 
13, 772.
Wilson, E. 0 . & Yu, S. C. (1941). J . phys. Chem. 45, 
167.
Yoe, J . H. & Reid, L. C. (1941). Industr. Engng Chem. 
(Anal. Ed.), 13, 238.
R eprin ted  from  J o u rn a l Society of Leather Trades' Chem ists, 1949, 33 , 3 6 8
THE EFFECT OF MODIFICATION OF THE REACTIVE GROUPS 
OF COLLAGEN ON THE FIXATION OF TANNING AGENTS.
By J. H. Boweg and R. H. Kenten.
It is generally agreed that the reactive groups of collagen are involved 
in the fixation of tanning agents, and modification of these groups and deter­
mination of its efhict on the fixation of the different types of tan is one method 
of gaining information regarding the mechanism of tanning.
Thomas and co-workers^ >  ^ were probably the first to undertake an 
investigation on these lines. They treated collagen with nitrous acid to 
modify the amino groups, and determined its effect on the fixation of vegetable 
tannins^ and chromium^. Unfortunately they did not determine the ex ten t, 
to which tlie ammo groups were lemoved, or other groups affected, but only 
the nitrogen lost durmg the treatment, and their results, therefore, are qualita­
tive rather than quantitative. With both vegetable tannins and chromium, 
treatment with nitrous acid caused a marked decrease in fixation, and it 
would appear from their results that the amino groups are involved in the 
fixation of these tans, although the possibility that the decrease is due to the  
change in the electrical condition of the collagen is not excluded. Their 
residts have subsequently been confirmed by Gustavson® with chromium, 
ushig anionic chromium complexes ; by Page and Holland^, Chang, Yen and 
Chen®, and Lollar® with vegetable tannins. Numerous workers’’-^ ® have 
determined the effect of deamination on the fixation of formaldehyde ; aU 
report a marked decrease, and it is generally agreed that reaction with the 
amino groups is an essential factor in formaldehyde taimhig.
Apart from the work of Highberger and Salcedo^® and of Gustavson^® on 
the effect of modification of the guajiidino group on the fixation of formaldehyde, 
no work has been done on the effect of modification of the other reactive 
groups, guanidino, carboxyl, amide, and hydroxyl, which, especially the 
guanidino and carboxyl groups, are likely to play an important part in the 
fixation of tans.
The present work is a study of the fixation of vegetable tannins, chromium, 
and formaldehyde by collagen which had been treated with nitrous acid, 
alkaline hypochlorite, or dimethyl sulphate or methyl bromide with the object 
of modifying the amino, guanidino and carboxyl groups respectively. A study 
of the effect of modification of these three groups concurrently using the same 
initial raw material is likely to give more information regarding the mechan­
ism of tanning than the study of the taiming propeities of a collagen of which 
only one particular group has been modified.
Preparation of Collagen and Modified Collagens.
C o l l a g e n .
Collagen was prepared from commercially limed and pickled cape sheep­
skins. The skins were depickled, and acetone dehydrated. The edges of the 
skin were discarded, the remainder cut into small strips, degreased with light 
petroleum, washed repeatedly in distilled water and acetone dehydrated.
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TABLE I.
A n a XiY s k s  o f  C o l l a o k n  a n d  M O D IF IE D  C o l l a g e n s . ,
C ollagon s C, D A ,,  H C ,, M A ,, MC„. a n d  D M A  w ore  vised for e x p e r im e n ts  w ith  
ta n n ic  a c id  in  th e  a b se n c e  o f  a d d e d  sa lt .
C o llagen s C, D C ,,  H C ,, MC», an d  MCg w ere  u sed  for  exjveriin en ts w ith  ta n n in  ac id  
in  th e  p resen ce  o f  sa lt .
C o lla g en s C, D A ,,  H C g, M A 4 , a n d  M C , w ere  u sed  for e x p e r im e n ts  w ith  m im o sa . 
C o lla g en s B ,  D A , ,  H C j, MA^, a n d  D M A  w ere  u sed  for e x p e r im e n ts  w ith  ch ro m iu m .  
C o lla g en s B , D A , ,  a n d  M A , w ere  u sed  for e x p e r im e n ts  w ith  fo rm a ld eh y d e .
T o ta l N ,
C ollagon
A sh
g ./lO O g
a ir -d ry
g ./IO O g  
m o istu re  
a n d  
a sh -free A m in o
M illim o les  
A m id e  A rg-
p er g. 
F ree 0  -  M e
T o ta l
b asic
c o lla g e n c o lla g e n N N in in e ca rb o x y l gro u p s gro u p s
U n tr e a te d  c o lla g en s .
L im e d  c o lla g e n  A 0 -2 5 17 3 — 0  30 0 43 0 -9 6 * 0 -8 9
B 0 -3 5 1 7 1 0 42 0  30 0 42 1 0 0 * — 0 -9 7
C 0 14 17 2 0 3 0 0 25 0 44 1 0 1 * — 0 - 8 8
D e a m in a te d  co lla g en s .
D A , 0 58 17 3 0  04 0  37 0 - 9 0 f
D C , 0 24 10 9 0 05 — 0 35 1 -O lt — 0 -4 3
H y p o c h lo r ite - tr e a te d
co lla g e n s .
H C , 0 25 — 0 32 — 0 24 — — 0 -7 8
H C , 0  1 0 — — — 0 33 — — —
M e th y la te d  co lla g en s .
M A , 0  1 0 — — —  Î —  Î 0  131 0 -8 3 —
M A  2 0 58 10 3 0  31 0 28 0 081 0 - 8 8 —
M A , — — 0 30 0 29 0 42 0 -0 8 1 0 - 8 8 —
M A 5 0 07 — — — — 0 - 0 0 1 1 -0 5 —
M C , 0 -2 9 10 7 —  ■ — — 0 - 2 2 1 0 -7 9 —
M C , 0  2 2 1 7 -2 0 24 — — 0 -7 8 1 0 -2 3 —
D M A 0 23 1 0  0 — — — 0 -0 8 1 0 - 8 8 —
* D e d u c e d  fro m  t it r a t io n  c u r v es  (see  p a p ers  b y  K e n to n  an d  B owes^*- 
f  D e d u c e d  o n  th e  a ssu m ]3 t io n  th a t  th e  m u n b er  o f  c a r b o x y l g ro u p s  are  u n a ffe c te d  
b y  th e  tr e a tm e n t , a n d  in  th e  ca se  o f  th e  m e th y la te d  c o lla g en s  d ev lu ctin g  th e  m e th y l  
c o n te n t .
J I t  m a y  b e  in ferred  th a t  th e  a m id e  n itro g e n  a n d  a r g in in e  c o n te n t s  o f  th e  m e th y ­
la te d  c o lla g e n s  are th e  sa m e  a s  th o se  o f  th e  o r ig in a l co lla g en s .
D e a m i n a t e d  a n d  M e t h y l a t e d  C o l l a g e n s .
Full details of the preparation of the deaminated and methylated collagens, 
and the steps taken to determine the extent to which the different groups 
were affected are given elsewhere^®. Relevant data regarding their composi­
tion and the experiment for which each was used is recorded in Table I.
H y p o c h l o r i t e -t r e a t e d  C o l l a g e n .
200 g. of coUagen (Batch C) in the form of strips 1 cm. X 5 cm, was placed 
in 2,000 ml. of 1.3% sodium hypochlorite, and the vessel immersed in iced 
water. When the temperature had drojiped to 2°C, 1,500 ml. N  sodium 
hydroxide was added dr op wise over a period of 15 min., and then a further 
2,000 ml. of 5% sodium hypochlorite slowly over a period of 4 hr. The solu­
tion was continuously stirred vigorously by a mechanical stirrer. The treat­
ment was continued for 45 min. after the final addition of hypochlorite. The 
strips were then removed, washed with 0.5 N  acetic acid for 30 min., and soaked 
in 0.2 N  acetic acid for 12 hr. They were finally brought to equilibrium with 
distilled water and acetone, dehydrated.
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The treatment caused the collagen to decrease in weight by about 50% 
while only about half the guanidino group were modified (see Table I). The 
titration curve of the treated collagen (HCi) was almost identical with that 
of the original collagen except for a decrease of 0.1 millimoles per g. in the acid 
binding capacity. Since alkaline conditions are necessary for the reaction 
with the guanidino groups to take place, it is probable that the mechanism 
involved is the same as that postulated by Hellerman and Stock^®, and 
Warner^ ^  for the action of alkalis on arginine, namely conversion to ornithine 
and urea, and that the function of the hypochlorite is to remove the urea 
formed, and so speed up the reaction. Such a reaction should not affect the 
acid binding capacity since the guanidino group is replaced by an amino group. 
The small decrease in acid binding is probably due to loss of z-amino groups of 
lysine, or imidozole groups of histidine, both of which are reported to be 
attacked by alkaline hypochlorite^®. In view of the considerable loss in 
weight of the collagen and the possibility of other groups being affected^®, it 
was considered that the method was not very satisfactory.
(i)
Fixation of Vegetable Tannins.
E x p e r i m e n t a l  M e t h o d .
Tannic acid and mimosa were chosen as representatives of the hydrolysable 
and condensed type of tannins because of their ready solubihty and then low 
salt and non-tan content ; tannic acid contains no salt^ ® and less than 10% of 
non-tans (on a soluble solids basis), and mimosa contains little salt^® and only 
about 20% of non-tans.
TABLE II.
A d d i t i o n  o f  A c id  o k  A l k a l i  t o  T a n n i n  S o l u t io n s .
(a m o u n ts  o f  a c id  or a lk a li a d d ed  to  100 m l. s o lu t io n  ex p r essed  as m l.N . so lu tio n )
T a m iic  A c id — n o  N aC l T a m iic  A c id — 0 .5 m  N a C l M im osa .— n o N a C l
p H A c id  or A lk a li p H A c id  or A lk a li p H A c id  or A lk a li
a d d ed a d d ed a d d ed
1 1 100 m l H C l 1 -3 70 m l H C l 1 -5 4 6  m l H C l
2 - 0 5 99 99 1 7
2  2
4 0  „  „  
0 - 7  „  „
2 - 2 40 »  ”
3 - 0 4 „  N a O H 2 7
3 2 
3 7
N il
5 m l. N a O H  
25 ,, ,,
2 - 8 2 1
4 1 25 ,, ,, 4  2 62 „  ,, 4 - 2 1 0
„  N a O H5 - 0 . 70 „  „ 4 - 8 8 8  „  „ 5 - 0 1 -5
(5-0 80 „  „ 5 - 7 1 0 0  „  „ 6 - 0 7 - 5
(>•9 1 2 0  „  „ 6 -9 14
7 -8 2 0 0  „  „ 7 -8 45
9 0 500  „  „ 9 -1 2 0 0 „ „
2 g. samples of collagen or modified collagen, in the form of pieces about 
1 cm. square and a strip 1 cm. x 10 cm. (0.3 g.) for shrinkage temperature, were 
soaked in water overnight, and then placed in a 100 ml. tan solution contahiing 
10% solid material and adjusted to the required pH. In the experiment 
using tannic acid in the presence of salt, the pieces were soaked in 0.5m sodium 
chloride instead of water. The amounts of acid or alkali added in the initial 
adjustments are given in Table II. No difficulty was found in adjusting the 
solutions to low pH values, but the addition of large amounts of alkali to taimic
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acid solutiojis contaijiijig sodium chloride caused some precipitation. The 
collagen was left in these solutions for 7 days at laboratory teni])eratuie, in 
which time approximate equilibrium between collagen and solution should 
have been reached^". Every morning and evening the pH was adjusted to the 
hiitial value by the addition of hydrochloric acid or sodium hydroxide ; these 
additions wei'e negligible compared with those made in the initial adjustments.
At the end of 7 days, the collagen was removed and washed in a Wilson- 
Kern extractor for 24 hr. using 9 litres of distilled water. The pieces were air- 
dried and then, with the exception of the piece for shrinkage temperature 
determination, dried in a vacuum oven at 100‘^ C. for 6 hr. The pieces were 
weighed, and the amount of tan fixed by 100 g. moisture- and ash-free collagen 
calculated from the increase in weight. In the first experiment the total 
nitrogen of the tanned pieces was also determined, and the amount of collagen 
present calculated, using the appropriate factor for the collagen in question.
180-
-10
160-
-0 9
140-
-0 8
-0 7 Uw  120-
-o:Ü 100-
-0 5
80-
CL
-0 4
60- UNTREATED.
-0 3 □
DEAMINATED.
40- TREATED WITH HYPOCHLORITE. -0  2
METHYLATED- Me z SO4.
2 0 - METHYLATED-MeBr -0  1
METHYLATED AND DEAMINATED.
FINAL pH.
T h e
F ig . 1.
f ix a t io n  o f  ta n n ic  a c id  b y  c o lla g e n  a n d  m o d if ie d  c o lla g e n  w ith o u t  th e  
a d d it io n  o f  so d iu m  ch lo r id e .
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Tho aiuoimt of tan fixed was then obtained by subtraction, and the results 
again expressed as tan fixed per 100 g. collagen. These two methods of 
calculating the amount of tan fixed were in good agreement, and it was decided 
that determination of the increase in weight only should be made in the subse­
quent experiments.
Tests showed that lesults were reproducible*to within ±  5%.
The tan fixed per 100 g. moisture- and ash-free collagen was plotted 
against the final pH of the tanning solution (Figs. 1, 2, and 3).
The shrinkage temperatures were determined, using a modified form of 
the apparatus described by Kuntzel in which a stream of air was contin­
uously blown round the side arm to aid the circidation of the water.
( ii)  E x p e r i m e n t a l  R e s u l t s .
The amount of tan fixed depends on a number of factors besides the 
condition of the collagen, such as concentration of tan®> ®> 22-26^  time®“> and 
temperature^’’ of tanning. In the present experiments the tannmg con­
ditions were designed to give a comparatively high fixation of tan, and the 
washing procedure to give values approximating to those for Wilson-Kern 
fixed tans^®. The conditions were the same for all samples of collagen, and it 
is, therefore, reasonable to assume that any differences in the amount of tan 
fixed are due to the treatments given to the collagen. Such differences may 
arise from alterations in fibre structure leading to increased accessibility of the 
fibres, as well as from modification of the reactive groups, and this factor must 
be borne in mind in considermg the results. A study of the swelling curves of
<  100-
u  6 0 -
Ox
A  UNTREATED. 0  M E TH Y LA U O -M etS O +
+ D EAM IN ATED . Q  METHYLATED-MeBr
X TR EATED W IT H  H Y P O C H L O R IT E .
0 6 <
1 2 3 4 5 6
F I N A L  p H .
F i g . 2.
Tho fixa tion  o f tannic acid by collagen  and m odified collagen  w ith  addition  
o f 0-5M  aodinm  chloride.
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the modified collagejis^", however, suggests that the treatments have had little 
effect in loosening the fibre structure.
Tan may be fixed in the following ways-*® :—
(1) by salt formation.
(2) by formation of hydrogen bonds between tlie tan molecule and 
particular groups in the collagen.
(3) by “ adsorption.”
Tannic acid may be fixed by all three of these mechanisms, whereas,under 
tamiing conditions, mimosa cannot enter into salt formation with any of the 
reactive groups of collagen and can only be fixed by the last two mechanisms.
(a) Taim ic A cid  without the addition of Sodium Chloride.
The pH-fixation curve for the untreated collagen is similar in shape to 
that obtained by Thomas and Kelly® .^ Fixation of tan is greatest at about
2.0, it then decreases as the pH rises to 4.5, increases again to a maximum at 
pH 6.0, and finally decreases ra])idly as the pH is further increased.
Deaminated collagen (see Fig. .1) fixes much less tannic acid than the 
original collagen at low pH values, but about pH 4.0 there is little difference in 
fixation (c/ Thomas and Foster^ who found an increased fixation between 
pH 4 and 7). Thus, it would appear that the increase in fixation which takes 
place between pH 4.0 and 2.0 is related to the %uesence of amino groups. 
Treatment with hjqiochlorite and modification of some of the guanidino gi oups 
also slightly decreases fixation at pH 2.0 but increases it at pH values above
3.0. As it seems probable that this treatment converts guanidino groups 
mahdy to amino grouiDS^  ^ it would not be exjoected to have much effect on 
fixation. In view of the doubt regardmg the exact effect of the hypochlorite 
treatment it is perhaps, unwise to diaw any definite conclusions from this 
curve.
Estérification of the carboxyl groups causes the maximum fixation to 
be attained at higher pH values (pH 4.0 with methyl sulphate, and pH 3 with 
methyl bromide), and the fixation remains constant at this maximum over a 
wider pH range.
The coUagen which had been deaminated and methylated also attahis its 
maximum fixation of tan at a higher pH value than the original collagen, and 
the fixation remains constant between pH I and 4. It is difficult to see why 
this coUagen fixes greater amounts of tan than the collagen which had only 
been deaminated ; a possible explanation is that the combined effect of the 
two treatments caused a general loosenmg of the fibre structure.
There is little variation in the shrinkage temperature of the tamied samples 
either with change in pH or from one coUagen to another. On the whole, the 
shrinkage temperature tends to vary inversely as the tan content, being 
highest m the pH range 3 to 4 and at pH 7 to 8. The shrinkage temperature 
of the deaminated and hypochlorite-treated coUagen is rather lower and varies 
less with pH than that of the original coUagen.
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(b) Tannic A cid with the addition of 0.5m Sodinni Chloride.
The presence of 0.5m sodium chloride markedly affects the fixation of 
tannic, acid by all the samples. Fixation by the untreated collagen is con­
siderably decreased at low pH values, but is little affected above pH 4.0. The 
fixation of the hypochlorite-treated collagen and of the collagtm methylated 
with methyl bromide is affected in a similar way but to a smaller extent. 
Fixation by the collagen methylated with methyl sulphate is only slightly 
reduced at low pH values, and is increased at pH values above 5.0, while 
fixation of the deaminated collagen is markedly decreased at all pH values.
There is even less variation hi the shrinkage temperature than with the 
samples tanned without the addition of salt. Again, the shrinkage tempera- 
tm-es of the deaminated and hypochlorite-treated collagens are lowtu- than 
that of the original collagen luider corresponding conditions.
(c) M im osa without the addition of Sodium Chloride.
The fixation of tannins from mimosa solutions by untreated, deaminated 
and hypochlorite-treated collagen is less than that from tannic acid solutions, 
but varies m a similar manner with pH except that there is ojdy a slight indica­
tion of a maximum at pH 6. Similar curves for collagen and deaminated 
collagen were obtained by Thomas and K e lly e x c e p t  that the maximum in the 
neighbourhood of pH 6 was more marked, and the decrease iji fixation on 
deamination was much less.
Estérification of the carboxyl groups with methyl sulphate has a more 
marked effect on the fixation of mimosa than of tannic acid, the fixation
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l’ciiolics its maximum at pH 7.0 and remains constant down to pH 1. The 
ratlier greater fixation of this modified collagen compared with the imtreated 
collagen is probably due to the effect of the treatment on the fibre structure ; 
marked swelling of the pieces occurs during the methylating procedure and this 
will cause loosening of the structure.
Méthylation with methyl bromide, which only esterified about half the 
carboxyl groups, had a similar but less marked effect.
The shrinkage temperatures of the samples taimed with mimosa are higher 
than those of tlie samples taimed with tannic acid tmder the same conditions. 
No shrmkage temperature determinations were carried out on the hypochlorite- 
treated and methylated collagens owing to lack of material.
( iii)  D i s c u s s i o n .
It is difficult to draw definite conclusions from the results, and doubtless 
there are a number of ways of interpreting the experimental findings. The 
following observations, however, are worthy of note :—
1. Although taimic acid contains acidic g r o u p s ^ w h i c h  can reason­
ably be expected to enter into salt formation with collagen, while mimosa does 
not, the mechanism involved in fixation appears to be the same with both 
tannins. The pH-fixation curves of collagen are similar for both materials 
except that mimosa does not show a second maximum in the region of pH 6, 
and modification of the ammo, guanidino, and carboxyl groups has similar 
effects on the fixation of both materials.
2. The mcrease in fixation of tan as the pH falls from 4 to 2 appears 
to be related to the presence of amino groups, since removal of these groups 
almost completely eliminates this fixation. Treatment with hypochlorite, 
which modifies about 30% of the guanidino groups (see page 369), does not 
greatly affect fixation in this pH range. This might be expected since the 
guanidino groups are probably, in the mam, converted to amino groups, and it 
is probable that guanidino and amino groups play a similar role in the fixation 
of tan. The treatment with hypochlorite is father drastic, however, and other 
effects may also be operative.
3. Estérification of the carboxyl groups, leaving the basic groups charged, 
and thus giving the collagen a strong positive charge, causes the maximum tan  
fixation to be attained at higher pH values (pH 7.0 with mimosa) and to 
remain approximately constant over a wide pH range.
4. With the exception of méthylation, modification of the reactive 
groups has less effect on fixation at pH values above 4 than at lower pH values. 
In the absence of added salt, there is little difference in the amount of tannic 
acid fixed by the different collagens at pH values above 6. With mimosa the 
differences are rather greater.
5. The addition of 0.5m salt decreases to varying extents the fixation of 
tannic acid by coUagen and modified coUagens at low pH values. This amoimt 
of salt almost elhnmates acid sweUing and it is possible that, in the absence of 
swelling, the effect of the various treatments on the structure of the collagen 
has an appreciable effect on the fixation of tan. The general decrease in the 
amount of tan fixed may be due to the effect of the salt on the charged groups
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of the jirotein, or to (n)in])otiti(ui h(\twoen elilorido and tannato ions for fixation 
by the collagen.
The results, as a whole, are consistent with the supposition that tan 
fixation is related to the positive charge carried by the collagen. With un­
treated collagen the fixation of tan is greatest between pH 1.5 and 2.0 when the 
carboxyl groups are all in the un-ionised form and the protein carries its 
maxhmun net positive charge. As the pH increases and tho number of ionised 
carboxyl groups increases, thus reducing the net jiositive charge on the collagen, 
the fixation of tan decreases correspondingly, and at higher pH values, when the 
basic groups begin to lose their positive charge, the fixation of tan falls off 
rapidly.
Deamination, which decreases the number of positively charged groups 
on the collagen, decreases fixation, and treatment with h}q)oehlorite, which 
also slightly reduces the number of positively charged centres, has the same 
effect. Méthylation, by blocking the carboxyl groups and reducing the 
negatively charged groups to zero, causes the collagen to carry its maximum 
net positive charge over the whole stability range of the methyl groups, that is, 
from pH 2 to 7 or 8 , and it is found that the fixation of mimosa by methylated 
collagen is constant and at a maximum over this pH range. The fixation of 
taimic acid by the methylated collagen shows a similar tendency but the 
effects are less marked.
TABLE IV.
A n n  AND T an F ixkd by  Colbaoen and MonrriKn Coi.t.a(jkn.
(Millimoles per g.)
Tan fixed between pH 1 • 5 and 
Aeid- 2 in the absenee of added Nat'l 
Sample binding
capacity Taimic acid Mimosa
Untreated ... ... ... 0 -88 1-0 0 - 8(1
Deaminated ... ... ... 0 44 0 -0 0 -0 -5 3  0 41
Treated with hypochlorite ... 0 77 0 04 0- 72
Assuming the molecular weight of tannic acid^ ® and mimosa^^ to be 1700 
(varying values have been obtained by different workers, but 1700 represents 
an average value), some interesting comparisons can be made between the 
amounts of tan fixed and the acid-binding capacities of the modified collagen^*’ 
(see Table IV). The amoimts of tan fixed by the different collagens between 
pH 1.5 and 2 are of the same order as their acid-binding capacities, suggesting 
that one molecule of tan is associated with each basic group. Especially 
striking is the relationship between the amounts fixed by untreated and 
deaminated collagen ; deamination halves the acid-binding capacity and also 
halves the fixation of both tannic acid and mimosa. Although the amounts 
of tan fixed are dependent on the concentrations of tan, time of tanning, and 
method of washing, it would seem reasonable to assume that there is some 
significance in these stoichiometric relationships.
The shrinkage temperature is dependent not only on the extent of tannage 
but also on the amount and acidity of the tan fixed®®, and in many cases these
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factors m;iy comitcr;i,ct ojic. another. Tt may be cojicliided, however, that 
collagen tanned with mimosa has a higher slirinkage temperature than that 
tanned with tannic acid under the same conditions, presumably because of the 
lower acidity of the mimosa ; and that deamination or treatment with hypo- 
(dilorite tend to reduce the shrinkage temperature and to decrease the variations 
of shrinkage temperature with pH of tannage.
The Fixation of Chromium.
(1) K x i ’Io r im e n t a l  M e t h o d .
The chrome tanning solution was prepared by the reduction of A.R. 
chromium trioxide (C1O3) with sul%)hur dioxide : 34 g. chromium trioxide were 
dissolved in 500 ml. water and a current of suljihur dioxide passed through the 
cooled solution until excess was present. Free sulphur dioxide was then boiled 
off and the solution diluted to one litre. This solution was diluted with an 
equal volume of water to give the tanning solution, and was allowed to stand 
overnight before use. The final solution contained the equivalent of 13 g. 
Cr.,Og per litre in the form of chromium sulphate and was free from salts.
Collagen A, either untreated or modified, was used for all the experiments 
(for details see Table I).
Collagen in the form of pieces about 1 cm. square (2 g.) and a strip 1 cm. X 
10 cm. (0.3 g.) for shruikage tem%)erature determinations, was soaked in water 
overnight, drained, and placed in 50 ml. of the chromium sulphate solution. 
After 24 hr. tlie pH was adjusted to the required value by the addition of 
sodium hydroxide, and maintained at this value by further additions of alkali 
at frequent intervals over a period of 48 hr. The pieces were left in the solu-
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tioii for a further 24 hr. (total time of tajuiiiig 4 days), draim-d, waslu'd iji a. 
Wilson-Kern extraetor with 8 litres distilled water over a, period of 18 hr., and 
finally air-dried. The chromium content of the samples was determined by 
the method described by Davies and Innes-'*® and the results expressed as g. 
Cr^ Og per 100 g. and as millimoles per g. of the original moisture and asli-free 
coUagen (Fig. 4).
The shrinkage temperature determinations were carried out as before 
(see p. 371) except that all the samples were thoroughly wetted by immersion 
in water imder reduced pressure befoi-e the determinations. When the shrink­
age temperatiue exceeded 100"C. the determination was carried out in liquid 
paraffin, a stream of hot air being blown continuously round the side arm to 
aid in the circulation and heating of the paraffin. Tlie determinations were 
carried out before the apparatus for determining the shrinkage temperature 
under pressure was completed®’, but it has since been found that the two 
methods give results which do not differ by more than a few degrees.
( i i)  E x p e r i m e n t a l  R e s u l t s .
The amoimt of chromium fixed by collagen is not only dependent on the 
number of centres available for reaction, but on factors which affect the size 
of the chromium complex, that is, basicity and concentration of the liquor®®. 
In the iiresent experiment the concentration was kept constant and the effect 
of basicity was ruled out by covering a range of pH values.
With untreated collagen the chromium content increases sharply with rise 
in pH up to about 4.0 and then remains constant over the range covered 
(Fig. 4). The shape of the curve and the amounts of chromium fixed at any 
given pH value differ from those obtained recently by Bowes, Davies, Pressley, 
and Robinson®’ under similar conditions. This difference is probably due to 
the fact that in the earlier experiments the collagen was removed at the end 
of three days after the final adjustments of pH had been made, whereas in 
the present experiments the collagen was left in the solution for a further 
24 hr., during which time the pH fell apjireciably, thus causing the curve to be 
shifted to lower pH values.
Treatment with hypochlorite slightly decreases the maximum fixation and 
removal of the amino groups approxhnately halves it. Comparison with the 
titration curves of the modified collagens*® shows that these decreases roughly 
correspond to two molecules of chromium for every basic group lost. Méthyla­
tion with methyl sulphate and blocking of the carboxyl groups of the collagen 
decreases the fixation to an even greater extent than deamination. Chromium 
hydroxide was precipitated on the surface of these samples at high pH values 
and was difficult to remove, and it is probable that the recorded values are too 
high. I t  is also possible that some displacement of methyl groups by chro­
mium takes place during tanning, and it would probably not be unreasonable 
to assume that complete inactivation of the carboxyl groujra would reduce the 
fixation of chromium to negligible proportions. Deamination of the methy­
lated collagen causes only a further small decrease in the chromium fixed,
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ïlu ! fslu'ijikagc teinpoi-ature nf tlie ujiraodificd collagen increases pro­
gressively with the chromium content of the sample and reaches a maximum 
at 116°C. (Fig. 5). Although causing lower amounts of chromium to be fixed, 
treatment with nitrous acid or hypochlorite has no effect on the maximum 
shrinkage temperature attained. With the methylated collagen, however, the 
shrinkage temperature rx^mained the same as that of the untanned collagen.
( i i i )  D i s c u s s i o n .
It is generally agreed that chrome tanning involves co-ordination of the 
com])lcx chromium cation with suitable groups in the protein molecule, for 
exam])le, carboxyl, amino, hydroxyl, or peptide groups. Consideration of the 
evidence a,t present available suggests that one of the most probable reactions 
occuri ing dui ing chrome tanning is entry of the carboxyl groups of the collagen 
into the chromium complex in a manner analogous to that of the carboxyl 
groups of organic acids (see review by Bowes®®). The results of this experi­
ment strengthen this view and illustrate the essential part played by the 
carboxyl groups of the collagen, both with respect to the fixation of chromium 
and the attainment of a high thermal stability. Blocking of these groups by 
estérification with methyl sulphate reduces the fixation of chromium very 
considerably, and any chromium which is fixed has no effect on the shrinkage 
temperature.
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T h e  sh r in k a g e  te m p er a tu re  o f  c o lla g e n  a n d  m o d if ie d  c o lla g e n  a fter  ta m ia g e  
w ith  ch ro m iu m  su lp h a te .
The carboxyl groups will more readily enter into complex formation with 
chromium if present in the charged rather than the uncharged form, and it is 
suggested that the increased fixation of chromium with rise in pH, although 
partly the result of increase in the size of the chromium aggregates, is, in the 
main, due to the fact that as the pH increases the carboxyl groups progressively 
pass from the charged to the uncharged state. Gustavson® and Kuntzel and 
Riess^® are also of the opinion that the increased fixation of chromium with 
rise in pH is mainly due to the effect of the pH on the collagen.
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Treatmont witli nitrous acid also deorcases tho fixation of chromium to a 
marked extent, sliounjig that amino gi-oups must also play a, part in chrome 
tanning. With metliylatod collagen, howevei’, deamination causes only a very 
slight decrease in the fixation of chromium, the cause of which is uncertain. 
Thus, it may he concluded that chromium does jaot combine with amino gi oups 
independently of carboxyl groups, and the decrease foimd on the deamination 
of the original collagen must be due either to the effect of deamination on the 
reactivity towards chromium of other groups in the collagen, or to the fa ct that 
stable fixation of chromium requires co-ordination of the chrome complex with 
both carboxyl and amino groups (or other basic groups).
It is luililvely that the decrease in fixation is due to the first cause, for 
although deamination alters the iso-electric poijit of the collagen it does not 
affect the relative number of charged and imcharged carboxyl or other groups 
present at any given pH. Thus, the conclusion is reached that stable fixation of 
chromium requires co-ordmation of both carboxyl and amino groups (or other 
basic groups) with the same chromium complex, that is, the fixation of the 
chromium complex at two points in the protein. Such a hypothesis has been 
put forward by various workers, for example, Kuntzel and Hiess'* ,^ to account 
for the high thermal stability of chrome-tamied leather, but these authors 
advanced no proof for this hypothesis other than the analogy with chromium- 
glycine complexes^^> (See also Gustavson'*®.)
The fact that deamination does not affect the maximum shrinkage tempera­
ture attained may be attributed to the presence of sufficient guanidino groups 
to give the necessary number of cross-links to attain this stability.
The large decrease in fixation caused by blocking of the carboxyl groups, 
and the failure of any chromium that is fixed to influence the shrinkage tempera­
ture, preclude the possibility of the hydroxyl groups playing any significant 
part in chrome tanning as suggested by Elod and Schachowskoy^^'
Although the validity of stoichiometric relationships between the amoimts 
of chromium fixed and the reactive groups of the collagen may, m view of the 
complexity of the system, be open to question, it is of interest to note that the 
amount of chromium fixed between pH 4 and 5 approximately corresponds to 
the fixation of two molecules of chromium by each carboxyl group, and the 
decrease in fixation caused by treatment with nitrous acid corresponds approxi­
mately to two chromium molecules for each basic group (amino and guanidimo^®) 
lost during the treatment. Evidence suggests that it is not improbable that 
the chromium aggregates in the tanning solutions used here contained, on the 
average, two chromium atoms^®.
Thus, the present work strengthens the evidence in favour of the hypothesis 
that chrome tanning involves co-ordination of the chromium complex with 
carboxyl and basic groups in the collagen molecules with the formation of 
cross-links between adjacent polypeptide chains.
The Fixation of Formaldehyde.
(i) E x p e r im e n t a l  M e t h o d .
Collagen in the form of pieces 1 cm. square (2 g.) and a strip I cm. X 10 cm.
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(0.3 g.) was placed in 100 ml. of a 1% solution of 36% A.R. formaldehyde 
which had been previously adjusted to the required pH value by the addition 
of sodium hydroxide or hydrochloric acid. Tanning was allowed to proceed 
for three days, during which time the pH fell appreciably, the samples were 
then removed and washed in Wilson-Kern extractors with 8 litres of distilled 
water over a period of 24 hr. The last washhig gave a very faint colour with 
Schiff’s i-eagejrt. In a prelhninaiy trial, a further washing with another 8 
litr es of water for 24 hr. was given, and the final wash water still gave a slight 
colour with Schiff’s reagent. The decrease in the amount of formaldehyde 
fixed, however, was com%)aratively small and it was decided to standardise 
on a washing period of 24 hr. The samples were air-dried and left for a week 
before analysis.
The formaldehyde was determined by steam distillation with 40 ml. 
2n sulphuric acid, about 450 ml. of distillate bemg collected^®. The distillate 
was made up to 500 ml. and 200 ml. taken for precipitation with dimedone, 
followmg the method of Yoe and Reid^’ (see “ Progress m Leather Science : 
1920-1945 ” ®^). This method of determination was compared with Romijn’s 
method, which was emjdoyed m earlier investigations®’ and was found to be 
more satisfactory for the present purpose where only small quantities of formal­
dehyde were involved.
The results are expressed as g. formaldehyde per 100 g. and as milhmoles 
per g. of moisture- and ash-free collagen. The shrinkage temperature was 
determined in the same manner as that of the vegetable-tanned samples 
(p. 371).
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( ii)  E x p é r i m e n t a l  R e s u l t s .
Negligible amounts of formaldehyde are fixed by tlic original limed collagen 
at pH values below 2.0. As the pH rises, fixation increases, remains constant 
between pH 8 and 9, and then increases again as the pH is further increased 
(Fig. 0 ). There is an indication that the pH-fixation curve flattens slightly 
in the pH range 11 to 12. In all cases, the amounts fixed are lower than those 
found in a previous investigation'^® using the same method of tanning, probably 
because the washing procedure was more thorough. Even at the end of this 
more thorough washing procedure some formaldehyde was present in the last 
20 ml. of wash water, and on washing for a further 24 hr., tlie formaldehyde 
was reduced by approximately 10%. Modification of the amino groups 
greatly reduced the fixation of formaldehyde between %iH 2 and 9, but the 
increase in the amount fixed between pH 9 and 13 is unchanged.
TABLE V.
SlUUNKADK T K M l’iOUATUHK OF F o K M A E JJF H Y ü E -T aN N E D  SaM1M.ES. 
tb l la g e u  D e u m iu a te d  co lla g o n  M e th y la te d  c o lla g e n
F in a l ])H  o f S lii-inkago F in a l p H  o f S lu -inkago F in a l p H  o f S h rin k a g e
ta n n in g tom jiora- ta n n in g tom p ora- 
tu ro , °C.
ta m iin g tem p o ra -
s o lu t io n tni-o, “C. s o lu t io n s o lu tio n tu ro, “C.
5 -3 0 73 — — —
5 - 6 4 75 .— - — — —
5 -7 2 78 5 -7 0 58 5 -5 2 07
5 -8 0 78 0 -2 9 59 — —
0 -8 5 80 0 -0 7 59 0 -4 3 73
0 -0 7 80 — — 7 -3 2 0 0
7 -0 2 78 “—. — 7 -7 4 09
7 -8 2 79 — — 7 -9 9 08
8 -2 4 70 — — 8 -4 2 08
9 -0 1 78 8 -9 7 58 8 -8 4 07
9 2 0 79 9 -1 7 50 — —
9 -2 5 77 — — . — —
9 -4 0 73 — — 9 -4 0 05
9 70 71 1 0 - 1 0 50 9 -9 7 09
1 0 -5 7 72 10 -8 5 0 1 — —
1 1 -0 8 73 1 0 -9 0 GO 1 0 -9 5 07
1 1 -3 5 77 1 1 - 2 1 • 58 1 1 -4 9 0 0
1 2 -1 9 70 1 2 -2 8 57 1 1 - 8 8 70
1 2 -5 0 74 1 2 -0 4 58 — —
1 2 - 0 0 73 1 2 -7 8 58 1 2 -7 1 09
1 3 -0 1 72 1 2 -9 9 59 — —
The fixation of formaldehyde by methylated collagen is greater than that 
of the original collagen at all pH values. It is unlikely that this increased 
fixation is caused by the blocking of the carboxyl groups, since at pH values 
greater than 9.0 the methyl gi'oups are hydrolysed. A more lilcely cause is 
that for any given final pH the initial pH of the tanning solution was appre­
ciably higher than that used for the origmal collagen, since allowance had to be 
made for acidity produced by the hydrolysis of the methyl groujis.
The shrinkage temperature of the untreated collagen after treatment with 
formaldehyde varied from 73° to 80°C. (Table V). The fixation of quite small 
amounts of formaldehyde at pH values above 6.0 was sufficient to give the 
maxhnura shrinkage temperature (78°-80°C.) ; there was little change in 
shrinkage temperature as the pH rose from 6 to 9.2 and the formaldehyde fixed
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increased from 0.35 to 0.90%, and at higher pH values the shrmkage tempera­
ture tended to decrease.
There was no obvious relationship between the variations m shrinkage 
temperature and the final pH value of the tanning solution. Certain differences 
were observed in the behaviour of the samples after the shrinkage temperature 
determination had been carried out. Samples tanned hi solutions having a 
final pH below 5.7 did not pull out again after shrinkage ; as the pH increased 
the samples pidled out more readily, and between pH 7 and 12 pulled out almost 
to their original length ; but at higher pH values the samples became pro­
gressively harder and more difficult to pull out.
The shrmkage temperature of the deaminated collagen remained un­
changed by the fixation of formaldehyde and, although more formaldehyde 
was fixed by the methylated collagen than by the origmal collagen at any 
given pH value, the shrinkage temperature was in all cases lower, varying 
from 65° to 73°C.
(in ) D i s c u s s io n .
It is generally agreed that the main groiqis involved in the fixation of 
formaldehyde by proteins are the amino, guanidino and imidazole groups^®* 
and it has recently been found that amide groups®®» and the indole 
groups®® of tryptophane are also involved under some circumstances. It  
has been suggested that formaldehyde may also react with the peptide groups 
of the mam polypeptide chahi®^ » but no direct evidence has been brought 
forward m support of this view, and experiments with polyglutamme®® suggest 
that it caimot be a prmiary reaction though the possibility of secondary œ n- 
ddnsation of the peptide groups with formaldehyde molecules already fixed 
by other groups is not ruled out. Recent work by Fraenkel-Conrat and Olcott®® 
suggests that reaction with amino groups and secondary condensation with 
amide groups plays an important part in the taiming and hardening action of 
formaldehyde.
The present work shows that, with collagen, the amino and guanidino 
groups are prhnarüy responsible for the fixation of formaldehyde.
The flattening of the curve in the neighboiu’hood of pH 9.0 presumably 
marks the completion of the reaction of formaldehyde with the amino groups. 
Highberger and co-workers® found a similar flattening of the pH-formalde- 
hyde fixation curve, and report that it is shifted to lower pH values as the 
concentration of formaldehyde is increased, a finding which is in accord with 
the evidence regarding the formol titration®®. The further increase in the 
amounts of formaldehyde fixed as the pH rises from 9 to 13 is presumably due 
to reaction with the guanidino groups ; the curve shows little indication of 
flattening out, indicating that reaction with these groups is mcomj)lete even 
at pH 13. (The guanidino groups m collagen do not titrate with alkali at pH  
values below 13.5®’, and it is possible that the pK of this group in coUagen is 
considerably higher than has hitherto been realised.)
The amount of formaldehyde fixed by the original collagen up to pH 9 .0 , 
and the loss in fixation following deanimation, corresijond to considerably less
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than the fixation of one fonnaldohyde molecule hy each amino group. Simi­
larly, the amount fixed from j)H 9.0 to 13.0, the upper limit of pH covered, 
corresponds to the fixation of one molecule of formaldehyde by about half the 
guanidino groups.
The amounts of formaldehyde fixed at all pH values are appreciably less 
than those foiuul by Highberger and co-workers®-^®, using a similar tanning 
technique and the same washbig procedure. These workers determined the 
formaldehyde on the wet sample immediately after washing, whereas in the 
present investigations the samples were air-dried and left for a week before 
analysis, and it is possible that formaldehyde is lost during this time. Theis®®, 
using a pressing technique to remove excess formaldehyde, reports the fixa­
tion of considerably greater amounts of fonualdehyde than other workers in 
this field. His procedure jirobably leaves a considerable amount of loosely 
bound fonualdehyde (water removable), (see also Gustavson®®) ; this woidd 
explain the high fixation he obtains and why he finds a much smaller decrease 
in fixation following deamination^® than do other workers. These results 
emphasise the influence of tho treatments succeeding taimage on the amount 
of formaldehyde held by the collagen, and suggest that more formaldehyde 
than has hitherto been realised can be reversibly held.
The maximum shruikage temperature was attained by the fixation of 
comparatively small amounts of formaldehyde by collagen in the neighbour­
hood of pH 6. The importance of the amino groups with respect to the attain­
ment of thermal stability is shown by the fact that the slirinkage temperature 
of deaminated collagen is unaffected by the fixation of formaldehyde. Similar 
results were obtained by Gustavson®® with collagen, and Nitschmann and co- 
workers®®» ®^ also found that the amino groiqis played an essential part in the 
hardening of casein with formaldehyde. (For a further discussion on the 
possible mechanisms mvolved in the attainment of thermal stability, see 
“ Progress in Leather Science : 1920-1945 ” ®^.) Although the guanidino
groups fix an amount of formaldehyde comparable with that fixed by the 
amino groups, it has no effect on the thermal stability. , It is possible that the 
formaldehyde reacts with two of the nitrogen atoms of the guanidino groups 
forming a cyclic compound, so that any possibility of a further reaction with 
another group in an adjacent chain, with the formation of a stabilising cross­
link, is prevented.
Summary.
The fixation of tannic acid, nihnosa tannins, chromium and formaldehyde 
by untreated, deaminated, hypochlorite-treated and methylated collagen has 
been studied.
The fixation of tannic acid and mimosa tannins is slightly reduced by 
treatment with hypochlorite and reduced to approximately one half by dea­
mination. Estérification of the carboxyl groups with dimethyl sidphate or 
methyl bromide tends to increase fixation especially at pH values between 3 
and 6 ; maximum fixation is attained at higher pH values and remains approxi­
mately constant at this value ovei" a wide pH range. It is concluded that
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fixation of vegetable tannins is related to the electrical charge carried by the 
collagen, being at a maximum when the net positive charge is greatest.
The fixation of chromium was slightly decreased by treatment with 
hypochlorite and reduced to about one half by deamination. These decreases 
correspond to approximately two atoms of chromium for each basic group lost 
during the treatments. Méthylation almost entirely prevented fixation and 
the shrinkage temperature was not raised. Deamination and hypochlorite 
treatment did not affect the maximum shrinkage temperature attained by 
subsequent chrome tanning. It is concluded that the stable fixation of 
chromium involves co-ordination of both carboxyl and ammino (or other basic 
groups) of the collagen with the same chromium complex, thus forming a 
cross-link between adjacent polypeptide chains.
The fixation of formaldehyde by collagen is primarily due to reaction with 
the basic groups. The importance of the amino groups with respect to the 
attainment of hydrothermal stabiUty was confhmed.
Thanks are due to the Council of the British Leather Manufacturers’
Research Association for permission to pubhsh this paper.
British Leather Manufacturers' Research Association,
1/6, Nelson Square,
London, 8 .E A .
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Some Observations on the Am ino-acid Distribution of Collagen, 
Elastin and Reticular Tissue from Different Sources
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B y  histo logical m ethods th ree  ty p es  o f connective 
tissue  can  be show n to  be p resen t in  sk ins ; collagen, 
e lastic  fibres a n d  re ticu la r tissue. Collagen, in  th e  
fo rm  o f w h ite  bund les o f in terw eav ing  fibres, m akes 
u p  th e  g rea te r p a r t  of th e  skin  ; th e  e lastic fibres a re  
pale  yellow  m  colour an d  occur m a in ly  in  th e  grain  
layer ; re ticu la r tissue occurs a ro u n d  fa t  deposits an d  
possib ly  as sh ea th s ro u n d  th e  collagen fibre bundles 
(D em psey, 1946). I t  is ex trem ely  difficult to  iso late 
these  tliree  d ifferent tissues from  skins. T issues w hich 
s ta in  sim ilarly  can  be iso lated  fa irly  read ily  from  
o th e r p a r ts  of th e  an im al b o d y : e lastic  fibres from  
th e  ligam en tum  nuchae  (V andegrift & Gies, 1901) 
a n d  re ticu la r tissue from  ly m p h  nodes (B ate-S m ith , 
1947) a n d  from  th e  large fa t  deposits (M aximow 
& B loom , 1936; D em psey, 1946), an d  som e stud ies 
have  been m ade on th em . Before these  tissues can 
be assum ed  to  be iden tica l w ith  those  occurring  
in  skin , how ever, m ore conclusive evidence th an  
s ta in in g  reactions is requ ired .
T he a im  o f th e  p resen t in ves tiga tion  w as to  
determ ine  w h a t m a jo r differences in  com position  
ex isted  betw een  th e  th ree  m ain  ty p es  o f connective 
tissue, a n d  to  o b ta in  in fo rm ation  as to  w h e th e r 
sim ilar tissue  p rep a ra tio n s  from  d ifferent sources 
h a d  th e  sam e com position.
E X P E R IM E N T A L  
A naly tica l methods
Total N, amide N, amino N and titration curves were 
determined as described by Bowes & Kenten (1948a).
P reparation o f sam ples
Ox-bide and alkali-treated sheepskin coUagen were pre­
pared as previously described (Bowes & Kenten, 1948a, 6). 
Reticular tissue was prepared from lymph nodes and from 
the adipose tissue of ox. The wet lymph nodes were shced, 
extracted with 5 % (w/v) NaCl, washed and macerated with 
many changes of 30 % ethanol in water. The fibrous mass was
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dehydrated in 98 % ethanol, extracted with hght petroleum 
at 35° and air dried. Sheets of tissue from the fat deposit of 
an ox were mechanically freed from fat, extracted with hght 
petroleum a t 35°, washed with water and ethanol and dried 
in air.
The total N of the reticular tissues was rather lower than 
that of the coUagen or elastin. The amide N was higher than 
that of elastin or of alkali-treated sheepskin coUagen, and 
of the same order as ox hide coUagen (Table 1).
T ab le  1. A nalyses o f connective tissues 
(Moisture and ash-free basis.)
Total N Amide N Amino N
Preparation (%) (mmol./g.) (mmol./g.)
Collagen (ox-hide) 18-6 0-66 0-46
CoUagen (sheepskin, alkali- 17-3 0-35 0-35
treated)
Elastin (ligamentum 17-0 0-20 0-07
nuchae)
Reticular tissue (adipose 16-1 0-50 —
tissue)
Reticular tissue (lymph 16-1 0-58 —
nodes)
During autoclaving 2-00 14-92
Subsequent extractions
with water:
First four 0-81 6-05
Fifth 0-066 0-49
Sixth 0-035 0-26
Seventh 0-008 0-06
Eighth 0-010 0-08
Total 4-921 21-86
The value for the total N of elastin (Table 1) is in agreement 
with previously determined values (Zoja (1897), 16-96; 
Richards & Gies(1902), 16-87; Stein &MUler( 1938), 17-1%). 
The amide N, however, is appreciably lower than the two 
other values reported in the literature (Horbaczewski (1882),
0-41; Stein & MiUor (1938), 0-38 mmol./g.); this is probably 
due to the fact that under the conditions used in earlier 
methods N, other than amide N, was returned as NH,.
R E S U L T S
T itra tion  curve o f elastin
T he t i tr a tio n  curve o f e las tin  w ith  hydrochloric  acid 
in th e  presence of O-ôM-sodium chloride is g iven  in  
F ig . 1, to g e th e r w ith  th e  corresponding  curve for 
ox-hide collagen. T he elastin  show s an  isoelectric 
p o in t in  th e  neighbourhood  o f p H  6 . T he curve shows
Elastin was prepared from the Ugamentum nuchae of 
a freshly slaughtered ox. The tissue was freed from adhering 
matter, cut into approximately 0-5 cm. cubes, extracted 
with 10% (w/v) NaCl, washed free from salt, dehydrated 
with acetone and extracted with light petroleum (b.p. 40-60°) 
in a Soxhlet for 12 hr. The air-dried material (180 g.) was a 
pale yeUow colour (N content 16-3%, moisture- and ash- 
free basis). To remove collagen, 168 g. of this material were 
autoclaved with 500 ml. water for 2 hr. a t 120°. The super­
natant Uquorand the hot-water washings were combined and 
the total N extracted determined (see Table 2). (Increasing
T able  2. Soluble nitrogen extracted fro m  
ligam entum  nuchae
Nitrogen extracted
, ^ \
Extractions (% dry tissue) (% total N)
10-
0 9-
•p 08-
I  0 7 -
w 0*6 —
2
E 0 -5 - 
&
-o 0 4 -
.0 0-3 -
I  0-2-
0-1 -
Final dH
the time of autoclaving to 3 hr. caused no appreciable 
increase in the N extracted.) The autoclaved material was 
given eight further extractions of 1 hr. duration with 350 ml. 
portions of boihng water, and the total N removed in these 
extractions determined (Table 2). The elastin was de­
hydrated with acetone, again extracted with light petro­
leum and air dried (132 g.). Assuming tha t the residual 
material is elastin, the ligamentum nuchae after extraction 
with salt and removal of fat contained about 78 % elastin and 
22 % collagen. This is in agreement with the value of 81 % 
elastin found by Vandegrift & Gies (1901) and later by Lowry, 
Güligan & Katersky (1941) for elephant ligamentum nuchae.
Fig. 1. Titration curves of elastin and ox-hide collagen 
in the presence of 0-5 M-NaCl.
a  ten d en cy  to  fla tten  betw een  p H  2-0 an d  1 6 , b u t  as 
th e  p H  decreases fu r th e r th e  a m o u n t o f acid  bound  
begins to  increase again . T h is m ay  be due to  
t i tr a tio n  o f fa irly  stro n g  ac id  g roups or o f som e 
w eakly  basic groups. T he soluble n itrogen  o f th e  
final so lu tions a t  p H  values below  2 0 w as on ly  of 
th e  o rder o f 0-5 m g./g . e lastin , ind ica ting  th a t  th e re  
w as litt le  so lubilization  of th e  p ro te in . T he curve 
ind ica tes th e  presence o f a t  leas t 0 2 m m ol, basic 
g roups p e r g. elastin .
P aper partition  chromatography o f samples
The technique described by Consden, Gordon & Martin 
(1944) was followed. The air-dry tissue (10± lm g .) was 
hydrolysed with 0-5-1-G ml. 6n-HC1 at 100° for 24-30 hr. 
The hydrolysate was concentrated three times in vacuo, 
dissolved in 0-2 ml. water, and 10 yl. applied to a large sheet 
of Whatman no. 1 filter paper. The chromatogram was run 
in one direction with «-coUidine in an atmosphere of diethyl- 
amine and HON, and in the other direction with phenol in an 
atmosphere of NHj and coal gas. The chromatograms were 
examined immediately after spraying with ninhydrin, and
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an estimation of the amino-acids present made from the size 
and colour intensity of the spots (Table 3). The strongest 
spots were arbitrarily assigned the value 9 and those just 
visible in a good hght 1. Proline and hydroxyproline, which 
give yeUow and orange colours respectively, were assessed 
as strong (S), medium (M) and weak (W).
Q ualita tive  analyses b y  tw o-dim ensional paper 
ch rom atog raphs o f th e  re ticu la r m em brane from  fa t 
deposits a n d  o f e las tin  from  ligam en tum  nuchae 
h ave  been rep o rted  ( Jo rd a n  L loyd, 1946). I n  general 
th e  resu lts  agree, excep t th a t  J  o rdan  L loyd  reports 
th e  presence of hydroxypro line  in  e lastin  ; th is  m ay 
be due to  incom plete  rem oval of th e  collagen. This 
a u th o r  also rep o rts  th a t  re ticu la r tissue from  fa t 
deposits con ta ins no  ty rosine  or hydroxylysine, 
w hereas these were p resen t in  sm all am oun ts in  our 
p rep a ra tio n s. C onsideration  o f th e  figures in  Table 3 
show s th a t  e las tin  differs from  collagen an d  b o th
re ticu la r tissue  is converted  to  g e la tin  an d  a  loose 
pow dery  su b stan ce  w hich he te rm s ‘re tic u lin ’ a n d  
w hich only  slow ly passes in to  solu tion . B o th  tissues 
lost ap p ro x im ate ly  50 %  in  w eight, b u t  w hile th e  
ch rom atog ram  o f th e  lym ph-node tissue w as n o t 
appreciab ly  changed, th a t  of th e  re ticu la r tissue 
from  th e  fa t  deposits show ed a  definite decrease 
in  hydroxypro line . T his suggests th a t  th is  re ticu la r 
tissue con ta ined  som e collagen, and , in  confirm a­
tion , th e  aqueous e x tra c t o b ta ined  on au toclav ing  
form ed a  gel, w hile a  sim ilar e x tra c t from  lym ph  
nodes d id  n o t (see also B ate-S m ith , 1947). On 
au toc lav ing  for 18 h r. a t  105°, 73 m g. of th e  air- 
d ry  re tic u la r tissue from  th e  f a t  deposits gave a  
residue o f on ly  6 m g. T his residue re s is tan t to  a u to ­
c laving m ig h t be expected  to  b e  e lastin , b u t  th e  
p ap e r ch rom atog ram  show ed th a t  th is  w as unhkely  
since i t  co n ta ined  app reciab ly  m ore of th e  di-
T able 3. The am ino-acid distribution in  some preparations o f connective tissues 
as indicated by the relative intensities o f spots on paper chromatograms
Reticular tissues
Collagen Collagen residues
Material t-------- ^ \ Lymph nodes Fat deposits ,-------- ^ \
Alkali- ,--------- ^ —*------- Alkali-
Source treated Elastin Auto­ Extracted Auto­ Auto­ treated
sheep­ Ligamentum claved with light claved claved sheep­
Amino-acids : Ox-hide skin nuchae Macerated 4 hr. petroleum 3 hr. 18 hr. Ox-hide skin
Alanine 7 7 9 8 8 9 8 8 6 9
Glycine 9 9 9 9 8 9 9 8 6 9
Leucine, etc.* 5 6 9 9 9 7 7 9 9 8
Phenylalanine 2 2 3 3 3 2 2 2 3 3
Valine 6 6 8 5 5 6 6 7 7 7
Cysteic acid 1? 1? 1 1 1 1 1 1 ? 1
Serine 3 3 2 5 4 5 4 4 4 4
Threonine 2 2 2 4 4 3 3 4 3 3
Tyrosine 1 1 2 3 3 1 2 1 2 2
Arginine 5 5 1 6 6 4 6 3 4 3
Histidine 2 2 — 2 2 1 17 — 2 1
Hydroxylysine 2 2 — 1 1 2 2 — — —
Lysine 6 6 1 6 7 4 5 5 6 3
Aspartic acid 5 6 3 7 7 5 6 5 7 4
Glutamic acid 7 7 4 8 8 7 9 6 8 6
Proline S S S M M M M M M M
Hydroxyproline S S — M M M W Trace — —
* Leucine, etc., refers to a composite spot which may contain leucine, isoleucine, and methionine.
ty p es  o f re ticu la r tissue  in  con ta in ing  less arg in ine, 
lysine, hyd roxyp ro line  a n d  g lu tam ic  acid, ra th e r  
less a sp a rtic  acid , a n d  ra th e r  m ore valine. In  
ad d itio n , i t  differs from  th e  re ticu la r tissues in  
con ta in ing  ra th e r  less serine a n d  ra th e r  m ore proline. 
CoUagen differs from  th e  re ticu la r tissues in  co n ta in ­
ing  m ore pro line a n d  hydroxypro line . T he re ticu la r 
tissue  from  th e  f a t  deposits con ta in s ra th e r  less of 
th e  d icarboxylic  a n d  basic  am ino-acids th a n  th e  
lym ph  node tissue.
I t  w as considered possible th a t  th e  re ticu la r 
tissues w ere co n tam in a ted  w ith  coUagen. T he tissues 
w ere au to c lav ed  fo r 3 h r. a t  105°. T his should  
rem ove coUagen; b u t  accord ing  to  Siegfried (1902)
carboxyU c a n d  basic am ino-acids th a n  elastin  from  
lig am en tu m  nuchae . I t  is possible th a t  i t  is iden tica l 
w ith  Siegfried’s ‘re tic u lin ’. S im ilarly , th e  residues 
( 11 m g.) ob ta ined  on tw ice au toclav ing  ox-hide (2 g.) 
fo r 6 h r. a t  105° follow ed b y  boiling for 1 -2  h r., an d  
th e  residue (30m g.) ob ta ined  by  boiling 4-76 g. lim ed 
sheepsk in  w ith  100 m l. 0 01 N-sodium hyd rox ide  
fo r 15 m in ., foUowed b y  rep ea ted  ex trac tio n s w ith  
boiling  w ater, gave p ap e r ch rom atogram s d is­
tingu ishab le  from  th a t  of e lastin  b y  th e  presence o f 
h is tid ine  a n d  larger am oun ts of th e  dicarboxyU c an d  
basic am ino-acids. T he tw o residues differed sligh tly  
from  one an o th er, p a rticu la rly  in  respec t to  th e  
dicarboxyU c acids, a n d  from  lym ph-node re ticu la r
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tissue  in  con ta in ing  no hydi’oxjqn'oline. T he absence 
o f th is  am ino-acid  in d ica ted  th e  com plete rem oval of 
collagen.
D ISC U SSIO N
I t  is of in te res t to  com pare values given in  th e  
h te ra tu re  for th e  am ino-acid  com position  of e las tin
T able 4. Composition o f elastin
Amino-acid
(N as %
Relative 
intensities of 
spots on paper
(g./lOOg.) protein N) chromatog
Glycine 29 4 (a) 32-3 9
25-75 (b) 28-3
Alanine 6-85 (b) 6-3 9
Leucine fraction 30-0 (a) 18-8 9*
21-38 (b) 13-4
10-7 (h) 6-7
Valine 13-5 (a) 9-5 8
13-8 (h) 9-7
Phenylalanine 3-89 (b) 1-9 3
3-34 (c) 1-7
4-8 (A) 2-4
Tryptophan 0-0 (a) — —
Serine — — 2
Threonine 2-7 (sr) 1-9 2
1-1 (A) 0-8
Cystine 0-23 (a) 0-2 (Cysteic
0-6 (A) 0-4 acid = 1
Methionine 0-38 (a) 0-2 —
0-03 (A) —
Proline 15-2 (a) 10-9 6
15-6 (A) 11-2
Hydroxyproline 2-0 (a) 1-3 0
Arginine 1-0 (a) 1-9 1
0-3 (/) 0-6
1-1 (A) 2-1
Histidine 0-0 (a) 0-0 0
0-04 (A) 0-1
Lysine 0-0 (a) 0-0 1
0-5 (A) 0-6
Hydroxylysine — — 0
Aspartic acid 0-0 (a) 0-0 3
0-6 (b) 0-4
Glutamic acid 2-7 (6) 1-6 4
3-3 (A) 1-8
Tyrosine 1-6 (b) 0-7 2
0-25 (d) 0-1
0-34 (e) 0-2
14 (A) 0-6
* Isoleucine is present.
(a) Stein & Miller (1938), (6) Abderhalden & Schitten- 
helm (1904). (c) KapeUer-Adler (1932). (d) Horbaczewski
(1882). (e) Schwarz (1893). (/) Kossel & Kutscher (1898).
(g) Brand & Kassel (1942). (A) Graham et al. (1949).
w ith  th e  re su lts  o f p ap e r p a rtit io n  ch ro m a to ­
g raph ic  exam ina tion  o f th e  p resen t p rep a ra tio n  of 
e las tin  (T able 4). T he ch rom atog ram  ind ica tes th a t  
th e  values rep o rted  for a sp a rtic  acid  an d  a lan ine are
low, a n d  th a t  serine is p resen t in ap p ro x im ate ly  th e  
sam e a m o u n t as tlireonine. T he low figm es for 
leucine an d  isoleucm e ob ta ined  b y  G raham , W aitkoff 
& H ier (1949), usingm icrobiological m ethods, suggest 
th a t  th e  ‘leucm e f ra c tio n ’ o f T able  4 m ay  con ta in  
am ino-acids o ther th a n  leucine an d  isoleucine in 
com parative ly  large am oim ts. N o hyth’oxyproline 
w as de tec ted  in  th e  ch rom atog ram  of th e  p resen t 
p rep a ra tio n , an d  a ltliough  i t  m ay  n o t be en tire ly  
ab sen t, th e  value o f 2 %  g iven b y  S tein  & M iller 
(1938) is possib ly  too  h igh  an d  m ay  be due to  
n icom plete rem oval of collagen. T he low value for 
th e  am m o n itrogen  is in ag reem en t w ith  th e  sm all 
am orm t of lysine de tec ted  by  analysis an d  by  p ap er 
ch rom atog raphy . T he t i tr a tio n  curve ind ica tes th a t  
a t  least 0 2 nm iol./g . o f basic g roups m u s t be p resen t 
m  e la s tin ; th e  am m o n itrogen  (0-07 nunol./g .), 
to g e th e r w ith  0-06 m m ol./g . o f arg inm e (S tem  & 
Miller, 1938), accoim ts for 0 13 nunol./g ., leaving 
0 07 m m ol, of base to  be accom ited  for. H istid ine  
w as n o t d e tec ted  b y  p ap e r c lu o m ato g rap h y , an d  
consequen tly  is p resen t, if  a t  all, m  v ery  sm all 
a m o u n t; i t  seem s likely, therefore, th a t  th e  d is­
crepancy  betw een th e  t i tr a tio n  curve an d  analysis 
is duè to  a  low arg in ine value.
T ak ing  th e  h ighest figure for th e  ‘leucine frac tion  ’ 
(30% ) i t  is possible to  accom it for ap p rox im ate ly  
90 %  of tlie  to ta l n itrogen  of e lastin . Ju d g in g  from  
th e  ch rom atog ram  an d  th e  t i tr a tio n  curve, ab o u t 
h a lf  th is  deficiency is due to  th e  presence o f m ore 
serine, a rg in ine an d  asp a rtic  ac id  th a n  th e  p resen t 
an a ly tica l figures suggest, leaving 5 %  still to  be 
accoun ted  for. I t  m ay  be n o ted  th a t  S tein  & Miller 
(1938) find th a t  th e  sum  of su lp h u r in  m eth ion ine 
(0 08 % ), cystine (0 06 % ) an d  occurring  as SO4 
(0 -0 2 % ) agrees closely w ith  th e  to ta l  su lp h u r of 
e lastin  (0-16% ).
C om parison o f th e  ch rom atogram s suggests 
th a t  e las tin  an d  re ticu la r tissue  from  different 
sources m ay  differ app rec iab ly  in  com position. 
T he residues from  th e  exhaustive  ex trac tio n  of 
ox-hide, sheepsk in  an d  re ticu la r tissue  from  
fa t deposits, w hich on th e  rep o rted  p ropertie s o f 
collagen, e lastin  a n d  re ticu la r tissue, should  consist 
m ain ly  o f e lastin , do n o t give ch rom atogram s sim ilar 
to  th a t  o f elastifi from  ligam en tum  nuchae , b u t, w ith  
th e  exception  o f th e  absence o f hyd roxyp rohne , give 
ch rom atogram s m ore n ea rly  resem bling th a t  o f 
lym ph-node re ticu la r tissue. I t  appears , therefore , 
th a t  th e  elastic  fibres o f sldn  are  e ith e r app reciab ly  
d ifferent in  com position from  those  o f th e  lig a ­
m en tu m  nuchae , or th a t  th e y  are  less re s is ta n t to  
boiling  w ater, an d  th e  residues ob ta in ed  from  sk in  
consist o f som e o th e r p ro te in  or p ro te in s resem bling 
re ticu la r tissue in  com position.
In  view  o f th e  suggestions th a t  have  been  m ade  
regard ing  th e  possible id e n tity  o f re ticu lin  an d  pre- 
collagen (H eringa & W eidinger, 1942) i t  is o f in te re s t
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to  n o te  th a t  w ith  th e  exception  of a  lower proline and  
h ydroxypro line  co n ten t, th e  am ino-acid  d istribu tion  
of th e  collagen an d  re ticu la r tissue  p rep ara tio n s are 
sim ilar.
SUM M ARY
1. Collagen has been p rep a red  from  ox-hide, 
e lastin  from  ligam en tum  nuchae  an d  re ticu la r tissue 
from  lym ph  nodes an d  fa t deposits. T o ta l n itrogen, 
an d  am ide n itrogen  have been determ ined  an d  paper 
ch rom atogram s o f th e  hydro lysa tes exam ined.
2. E x am in a tio n  o f th e  ti tr a tio n  curve an d  chro­
m a to g ram  o f e lastin  ind ica tes th a t  several am ino- 
acids have  still to  be determ ined  an d  th a t  th e  
rep o rted  values for arg in ine an d  a lan ine are  low.
3. T issues from  d ifferent sources w hich sta in  
sim ilarly  m ay  v a ry  app reciab ly  in  com position.
W ith  th e  excep tion  of a  low er proline an d  h y d ro x y ­
proline co n ten t, th e  am ino-acid  d is trib u tio n  of th e  
re ticu la r tissues w as sim ilar to  th a t  of collagen.
4. E x am in a tio n  o f ch rom atogram s o f th e  residues 
o b tam ed  b y  th e  exhaustive  ex trac tio n  of sk in  
suggests th a t  th e  elastic fibres of sk in  e ither differ 
from  th o se  o f ligam en tum  nuchae  w ith  respec t to  
am ino-acid  com position  or a re  less re s is tan t to  h o t 
w ater.
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Uptake of W ater by Collagen in Solutions of 
Alkalis and Strong and W eak Organic Bases
T h e  sw elling o f collagen an d  o th e r s tru c tu red  
p ro te ins in  so lu tions o f stro n g  acids tak e s  place in 
accordance w ith  th e  D onnan  th eo ry  of m em brane 
equilibriiun^2>®. L yo trop ic  effects o f anions^»® and  
effects due to  fixation  of th e  an ions b y  th e  protein® 
can  also be observed.
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WATER UPTAKE OF SKIN COLUAGEN IN AQUEOUS SOLUTIONS 
OF ALKALIS AT 20“ C.
A t '/^H values below a b o u t 3-0, tho  w ate r u p tak e  
is g rea te r w ith  w eak th a n  w itli s tro n g  acids, and  tho 
ilecrease a t  lower juH values is no longer a p p a re n t ''"  ; 
th is effeet m ay  be a ttr ib u te d  to  th e  ac tion  o f tlie  
undissociated  acid on th e  cohesion o f th e  protein®''®.
W e find th a t  SAvelling in a lkaline solu tions a t  20° 
is m ore com plicated . W ith  th e  s trong  bases sodium  
hydrox ide  an d  te tram e th y l am m onium  hydroxide, 
th e  w ater u p tak e  o f sk in  collagen does n o t decrease 
a t  liigli p H  values as p red ic ted  by  th e  D onnan  
theory , b u t a fte r  increasing loss rap id ly  w ith  rise 
in phi in tlie  range 11-5-13, i t  increases again  sharp ly  
as th e  p H  is fu r th e r increased (see g raph). ( I t  h as 
been estab lished  th a t  th e  guanid ine groups in 
collagen do n o t begin to  t i t r a te  below p H  13-5 an d  
hence caim ot be responsible for th is  increase in w ate r 
up take .) W ith  th e  w eak bases a im nonia an d  di- 
e thy lam ine , th e  w a te r u p tak e  changes over th e  whole 
p H  range  covered in accordim ce w ith  th e  D onnan  
theo ry . (The observed p H  values p lo tted  in th e  
g raph  w ere determ ined  using th e  special B eckm an 
glass electrode ; w hen th e  concen tra tion  o f base is 
h igh an d  th e  ac tiv ity  o f w ate r is app reciab ly  less 
th a n  1, th e  observed p H  values w ill begin to  differ 
from  th e  tru e  v a lu es" .)
T hese resu lts  c an n o t w holly be explained e ither 
on th e  basis o f th e  D oim an theo ry , o r o f a  specific 
ca tion  effect. A lthough  th ere  is som e ind ica tion  th a t  
th e  sodium  ion m ay  have a  specific effect in decreasing 
cohesion (see below), th is  effect is sm all com pareil 
w ith  th e  effects now  observed a t  h igh  p H  values ; 
an d  th e  ad d ition  o f sodium  chloride does n o t a lte r  
th e  shape  o f th e  am m onia  swelling-cm-ve, b u t d e ­
presses th e  w a te r u p tak e  in  accordance w ith  tlie  
D onnan  theo ry . I t  m u s t be concluded, therefore , th a t  
th e  increased  w a te r u p ta k e  occurring  a t  h igh  values 
is associated  w ith  th e  presence o f a  h igh  concen tra tion  
o f hyd roxy l ions, w hich b y  som e m echanism , p ro b ­
ab ly  break ing  o f hydrogen  bonds, decreases th e  
cohesion o f tlie collagen an d  so allows i t  to  ta k e  up 
m ore w ate r. Since th is  effect is n o t opera tive  w ith  
th e  w eak bases, am m onia an d  d ie thy lam ine , i t  w ould 
ap p ea r possible th a t  th e  presence o f undissociated  
base in  som e w ay  inh ib its  th e  ac tion  o f th e  hyd roxy l 
ions on cohesion.
W e find th a t  th e  ad d itio n  o f sodium  chloride does 
n o t depress th e  w a te r u p ta k e  in  a lkaline so lu tions 
to  th e  sam e e x te n t as in ac id  solu tions, an d  conclude
th a t  under tlio.se conditions th e  sodium  ion or th e  
sa lt itse lf decreases th e  cohesion o f th e  collagen. On 
th e  add ition  o f sodium  chloride to  calcium  hydroxide 
solu tions, we find th a t  w ith  concen tra tions u p  to  
0-05 M  th e  w a te r u p tak e  increases w ith  increasing 
sa lt concen tra tion , from  0 05 to  0-5 M  it  rem ains 
ap p rox im ate ly  co n stan t, an d  a t  h igher concentrations 
begins to  decrease again. W e conclude th a t  a t  con­
cen tra tio n s u p  to  0 05 M  th e  w ate r u p tak e  increases 
ow ing to  th e  effect o f th e  m onovalen t sodium  in 
increasing tlie  osm otic swelling ; a t  concentrations 
betw een 0 05 an d  0-5 M  th is  effect, an d  th a t  o f th e  
s a lt  on th e  cohesion o f th e  collagen, is balanced by  
th e  effect o f sa lt in depressing osm otic swelling ; an d  
a t  h igher concen tra tions th e  w a te r u p tak e  is decreased 
b y  th e  d eh y d ra tin g  ac tion  o f th e  sa lt.
W e have also observed th a t  u n d er conditions w hich 
reduce th e  cohesion o f collagen, fo r exam ple, sodium  
hydrox ide  solu tions above p H  13, th e  ad d itio n  of 
organic so lven ts m iscible w ith  w ater, fo r exam ple, 
acetone, n -p ropy l alcohol an d  d ioxan , causes th e  
collagen to  disperse a n d  to  a  large e x te n t dissolve.
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The Swelling of Collagen in Alkaline Solutions
1. S W E L L IN G  IN  SO LU T IO N S O F SO D IU M  H Y D R O X ID E
B y  JO A N E  H . B O W ES a n d  R . H . K E N T E N  
B ritish  Leather M anufacturers' Research Association, London, S .E .  1
[Received 28 A p r il  1949)
Tho sw elling o f collagon an d  o th e r fibrous p ro te ins 
in ac id  an d  alkaline solu tions is governed b y  th e  
osm otic pressure differences arising  betw een th e  p ro ­
te in  phase  an d  th e  ex te rn a l so lu tion  as a  re su lt o f 
th e  fo rm ation  o f p ro te in  sa lts—D onnan  m em brane 
effect— (Procter, 1914; B olam , 1932; D onnan , 1933), 
an d  b y  th e  cohesion o f th e  p ro te in  (P rocter, 1914; 
Jo rd a n  L loyd, 1920, 1938), i.e. th e  forces opposing 
sw elling, such as in terw eav ing  o f th e  fibres an d  in ter- 
m olecular forces. I n  o rder to  in te rp re t th e  effect of 
p H  changes on swelling i t  is, therefo re , necessary  to  
consider th e  influence o f th e  acid  or alkali b o th  on th e  
D onnan  equ ilib ria  an d  on th e  cohesion o f th e  p ro te in .
T he sw elling o f collagen an d  gelatin  in alkaline 
solu tions h as  received m uch  less a tte n tio n  th a n  th a t  
in  acid  solu tions. A  n u m b er o f sw elling curves of 
ge la tin  in  a lkaline solu tions have  been rep o rted  
(Jo rd an  L loyd , 1920, 1930; J o rd a n  L loyd  & Pleass, 
1927, 1928; L oeb, 1921a, h, c, d; K im itz , 1923-4; 
P leass, 1930), b u t in  general these  do n o t ex ten d  
above p H  12 0 an d  m ake no  allow ance for so lu tion  of 
th e  gelatin . A  few a lkaline sw elling curves o f 
collagen have  also been rep o rted  (K aye & Jo rd a n  
L loyd , 1924 a, 6 ; Jo rd a n  L loyd , M arrio tt & Pleass, 
1933 ; H ighberger, 1936), b u t  in  all these  th e re  are  in ­
sufficient p o in ts  to  de term ine  th e  ex ac t shape o f th e  
curves above p H  1 1 0 . T hey  show , how ever, no 
defin ite decrease in  sw elling a t  h igh  p H  values co r­
responding  to  th a t  occurring  in ac id  so lu tions below  
p H  2 0. W ith  k e ra tin  (Jo rd an  L loyd  & M arrio tt, 
1934) an d  silk  (Jo rd an  L loyd  & M arrio tt, 1933; 
Colem an & H o w itt, 1947) th e re  is also an  increase 
ra th e r  th a n  a  decrease in sw elling a t  h igh  p H  values. 
W ith  silk  th is  increased  sw elling is accom panied  b y  
sp littin g  u p  o f th e  fibres, an d  is a tt r ib u te d  to  a  
w eakening o f th e  cohesive forces o f th e  fibre.
T he sw elling o f ge la tin  in  alkaline solu tions up  to  
p H  10 is reduced  b y  th e  add ition  o f sodium  chloride 
or o th e r ap p ro p ria te  sa lts , in  th e  sam e m an n er as 
sw elling in acid  solutions, b u t  a t  h igher p H  values th e  
curves have  an  up w ard  tre n d , an d  th e  suppression of 
sw elling is less m ark ed  (Jo rd an  L loyd  & Pleass, 1927, 
1928). T here is also som e evidence th a t  th e  n a tu re  o f 
th e  an ion  h as  som e influence on  sw elling; e.g. 
sod ium  n itra te  depresses sw elling to  a  lesser e x te n t 
th a n  sodium  chloride a t  th e  sam e m olar concen tra ­
tio n  (Jo rd an  L loyd  & P leass, 1927, 1928). T he few
experim en ts w hich have  been carried  o u t ind ica te  
th a t  sa lts  do n o t suppress sw elling o f coUagen in  
a lkaline solu tions to  th e  sam e e x te n t as sweUing in 
ac id  solu tions, n o r to  th e  sam e e x te n t as sw elling of 
gelatin  in a lkaline solu tions (K aye & Jo rd a n  L loyd, 
19246).
T hus, i t  appears th a t  th e  swelling o f collagen in  
a lkaline so lu tions is m ore com plicated  th a n  in  acid  
solutions, an d  th a t  loss o f cohesion o f th e  collagen 
p lay s a  m ore im p o rta n t p a r t .  T he sw elling of 
coUagen in solu tions o f d ifferent bases, w ith  an d  
w ith o u t th e  ad d ition  o f sa lts , is, therefo re, being  in ­
vestiga ted . T he p resen t p ap e r deals w ith  sw elling 
in solu tions o f sodium  hydrox ide  w ith  an d  w ith o u t 
th e  add ition  o f sod ium  chloride.
E X P E R IM E N T A L
Raw material. Oxhide and alkaU-treated sheepskin col­
lagen D and E were prepared as described by Bowes & 
Kenten (1948a, 6). The alkali-treated sheepskin was pre­
ferred for the present work, since, owing to its looser 
structure, it is able to take up more water and hence shows 
greater variations in sw elling  with changes in external 
conditions.
SweUing curves. Air-dry coUagen (0 5 g.) in the form of 
pieces about 0 5 cm. square was placed in 100 ml. of the 
appropriate solution for 3 days a t 20°. The pH of the 
solution was then determined and the pieces lightly blotted 
and weighed.
Preliminary experiments showed that, provided the pH 
was determined quickly, it was unnecessary to take any 
special precautions to avoid contammation with COg. The 
Cambridge glass electrode standardized with phthalate 
buffer (pH 4-0) and borate buffer (pH 9-22) was used for pH 
values up to 9-5 and the special Beckman electrode, 
standardized with Na^GOg-sodium borate buffer (pH 10-0) 
for pH values above 9-5. An electrode assembly mounted in 
a thermostat maintained at 20° (Coates, 1945) was used for 
the high pH values.
When the effect of time was being investigated, the pieces 
were removed, weighed, and returned to the solution again. 
During these experiments the pH feU sUghtly, probably 
owing to hydrolysis of the coUagen and absorption of COg. 
This faU was smaU and insufficient to affect the conclusions 
drawn from the results.
For the sweUing curve of gelatin, 0-05 g. of leaf gelatin, 
in pieces of 1 sq.cm. area were placed in 100 ml. of 
NaOH solutions of varying pH values. The solutions were 
previously cooled to 0° and kept a t this temperature for 
3 days. This temperature was chosen in preference to 20° in
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order to minimize solution of the gelatin. The pieces of 
gelatin were removed and lightly wiped with blotting paper. 
The solutions were warmed to 20° and the pH values 
determined. The N contents of the majority of the solutions 
were determined by a micro-Kjeldahl method (Markham,
1942). Assuming tha t the N was all derived from solution of 
the gelatin (an assumption which will not be greatly in error 
except where low concentrations of N are involved), and 
taking the N content of the gelatin as 18%, the amount of 
gelatin which had dissolved was calculated. Allowance was 
made for dissolved gelatin in calculating the percentage 
water uptake of the gelatin.
R ESU L TS
The effect o f time on swelling. T he effect of tim e on 
th e  sw elling o f oxhide collagen in so lu tions o f 
sodium  an d  calcium  hydroxides is show n in F ig . 1. 
T he p H  values o f th e  so lu tions a t  th e  end o f 3 and 
18 days a ie  recorded  on th e  g raph . T he curves are 
sim ilar in  shape to  those ob ta ined  b y  Jo rd a n  L loyd 
(1920) w ith  gelatin , an d  by  B alfe, B eakbane & 
W allis (1945) for collagen in acid  so lu tions. T here w as 
a  rap id  u p tak e  of w a te r from  all th e  so lu tions du ring
^  300-
200 -
100 -
T im e  (days)
Fig. 1. The effect of time on the swelling of collagen in alkaline solutions.
pH at pH at pH a t pH at
3 days 18 days 3 days 18 days
X, NaOH 11-34 10-80 A, NaOH 13-65 —
®, NaOH 12-84 12-83 + , NaOH-1-0-1 %NaaS 12-72 12-67
V, NaOH 13-05 13-02 © , Saturated Ca(0H)2 12-66 12-66
□  , NaOH 13-32 13-21 (X), Saturated Ca(OH)a-f 0-1 % Na^S 12-72 12-69
In  aU experiments swelling was taken as the amount of 
solution held expressed as a percentage of the weight of the 
moisture- and ash-free collagen or gelatin.
The pH values quoted refer to the pH a t 20°. In  alkaline 
solutions the pH decreases as the temperature increases, 
whereas the pOH, which is the important factor governing 
the swelling, remains unaltered. For this reason the 
solutions used in the determination of the swelling curve 
of gelatin were warmed to 20° before the pH was deter­
mined.
th e  first 2 days, followed, w ith  one excep tion , b y  a  
fu r th e r increase w hich w as n o t com plete a t  th e  end  o f 
72 days. T his fu r th e r increase in  w a te r u p ta k e  
becam e m ore pronounced  as th e  p H  increased . A t 
p H  13 32 th e  curve rose qu ite  sh a rp ly  an d  a fte r  
21 days th e  collagen began to  d is in teg ra te . A t 
13 65, th e  h ighest p H  value exam ined , th e  w a te r u p ­
ta k e  increased  stead ily  an d  a t  th e  end  o f th e  fo u rth  
d a y  th e  collagen w as a lm ost com pletely  dissolved.
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A t th e  end o f 3 days th e  sw elling in excess of th a t  
occurring  in th e  isoelectric range w as h a lf  as g rea t 
w ith  calcium  as w ith  sodiiun  hydroxide a t  th e  sam e 
p H , b u t  as tim e elapsed sw elling increased  m ore 
rap id ly  in  calcium  th a n  in  sodium  hydrox ide  so lu­
tions, so th a t  a t  th e  end  of 70 days th ere  w as little  
difference in  th e  sw elling o f th e  tw o sam ples.
1 1 5  an d  13 0 an d  th en  increased again  v e ry  rap id ly  
w ith  fu r th e r rise in  pH . T here is no evidence th a t  th e  
guanidino groups in  collagen begin to  t i t r a te  below  
p H  13 3 (Bowes & K en ten , 1948a), or th a t  th e re  is 
an y  large increase in  th e  n u m b er of ti tra ta b le  groups 
during  3 d ay s’ exposure to  p H  values o f th is  o rder 
(Bowes & K en ten , 19486). F u rth e r , th e  am ide N
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Fig. 2. Swelling of collagen D in hydroehloric acid/sodium chloride and sodium hydroxide/sodium chloride systems a t 20° 
©, no salt; A , 0-05M-NaCl; -f, 0-lM-NaCl; x , 0-2M-NaCl; Q , 0-5M-NaCl; V» 2M-NaCl.
The swelling of collagen in  sodium hydroxide and 
sodium hydroxide I sodium chloride solutions. The 
sw elling o f a lk a li- trea ted  sheepsldn collagen in  
solu tions o f sod ium  hydrox ide  an d  hydrochloric ac id  
over th e  p H  range 0 5-13 5 is show n in  F igs. 2 an d  3. 
T he curve for hydrochloric acid  is included  for p u r ­
poses o f com parison ; i t  h as  th e  u sua l shape o f such 
curves an d  calls fo r no  special com m ent.
Swelling increased  fa irly  sh a rp ly  w ith  rise in  p H  
u p  to  ab o u t 1 1 5 , increased  less rap id ly  betw een  p H
of sheepskin  E  w as on ly  reduced  from  0 39 to  
0 22 m m ol./g . on tre a tm e n t in  a  sod ium  hydrox ide  
so lu tion  a t  p H  13 4 for 3 days. I t  is un likely , th e re ­
fore, th a t  th is  la s t ra p id  increase in  sw elling is due to  
increased  fo rm ation  o f p ro te in  sa lt a n d  hence to  in ­
crease in  th e  forces d raw ing  th e  w a te r in to  th e  
collagen (swelling pressure). T hus, sw elling in a lk a ­
line so lu tions differs m ark ed ly  from  th a t  in  acid  
so lu tions in  show ing no  decrease a t  h igh  c o n cen tra ­
tions as p red ic ted  b y  th e  D onnan  theory .
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In  acid  solu tions swelling decreased progressively 
as th e  concen tra tion  o f sodium  chloride w as in ­
creased, an d  a t  concen trations o f 0-5m w as alm ost 
com pletely  suppressed  (Fig. 2). In  solutions of 
sodium  hydrox ide  th e  effect o f sa lt w as m uch  less 
m arked  ; a lthough  th e re  w as an  appreciab le  decrease 
in  sweUhig in  th e  presence o f 0-05M -sodium chloride, 
fu r th e r increase in th e  sa lt concen tra tion  h a d  only 
a  com parative ly  sm all effect an d  a t  p H  values above 
13 0 th e  effect w as h a rd ly  percep tib le  (Figs. 2 an d  3).
collagen, breakdow n of s tru c tu ra l facto rs is also in ­
volved. T he ex isting  sw elling cm’ves o f gelatin  do n o t 
offer conclusive evidence on  th is  po in t, an d  th e  
sw elling ciu’ve of gelatin  w as accordingly  determ ined  
a t  0°, th is  tem p era tu re  being chosen in preference to  
20° in  order to  m inim ize solu tion  o f th e  gelatin . 
C orrections w ere m ade  for th e  gelatin  dissolved
(p. 2).
T he swelling o f gelatm  (Fig. 4) increased  w ith  p H  
u p  to  12, decreased betw een p H  12 0 an d  12 8, and
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Fig. 3. Swelling of collagen E in sodium hydroxide/sodium chloride systems a t 20°; 
©, no salt; x , 0-2M-NaCl; Q , 04M-NaCl.
The swelling o f gelatin in  sodium  hydroxide solu­
tions at 0°. T he increased sw elling o f collagen a t  h igh 
p H  values m ay  be due to  b reakdow n o f re ticu la r 
tissue  an d  elastin , to  th e  rem oval o f o th e r s tru c tu ra l 
fac to rs re s tric tin g  sweUing, or to  loosening o f in te r- 
m olecular forces such as sa lt links an d  hydrogen  
bonds. I f  th e  sw elling curves o f ge la tin  an d  collagen 
a t  h igh  aUtalinities are  sim ilar in  shape, th en  i t  is 
p robab le  th a t  breakdow n o f m term olecu lar forces is 
th e  m ain  cause o f th e  decrease in cohesion, w hereas 
i f  th e  curves differ in shape  i t  suggests th a t ,  w ith
th e n  increased again  rap id ly  w ith  fu r th e r rise in  p H , 
u n ti l  a t  p H  values above 13-5 th e  ge la tin  d is in ­
teg ra ted . T here w as a  defin ite m in im um  a t  p H  
12 7-12 8; hence i t  w ould  ap p ea r th a t  sweUing 
tak es  p lace in accordance w ith  th e  D onnan  th eo ry  
u p  to  ab o u t p H  12 8 an d  only  a t  h igher p H  
values does som e o th e r fac to r com e in to  p lay . 
T his ad d itio n a l fac to r p resum ab ly  involves th e  
breakdow n o f in term olecu lar linkages, w hich  leads 
to  loss o f cohesion an d  ev en tua lly  to  solu tion  o f th e  
gelatin .
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Consideration o f the swelling curves in  relation to the 
D onnan theory o f membrane equilibi'ia
F ro m  observation  o f th e  sw elling curves alone i t  is 
difficult to  e stim ate  th e  e x te n t to  w hich w ater u p tak e  
diverges from  th a t  p red ic ted  by  th e  D onnan  theory , 
an d  hence to  deduce th e  p a r t  p layed  b y  decrease 
in cohesion in  determ in ing  swelling. Swelling of 
fibrous p ro te in s in acid  an d  alkaline solu tions is 
considered to  be th e  re su lt o f th e  excess osm otic 
p ressure (swelling pressure) in  th e  p ro te in  phase
th u s  a  m easure o f th e  forces res tric tin g  swelling, i.e. 
th e  cohesion o f th e  p ro te in . Cohesion here includes 
an y  force re s tric tin g  swelling, such as in terw eaving  
of th e  fibres, ne tw ork  fo rm ation  of re ticu la r tissue  or 
e lastin  an d  in term olecu lar forces such as sa lt links 
an d  hydrogen  bonds. On th e  basis o f th e  D onnan  
th eo ry
and
X^=:y{y + z), 
e' = 2y  + z — 2x,
w here x  and  y  are  th e  m olar concen tra tions o f h y d ro ­
gen or hy d ro x y l ions in  th e  ex te rn a l an d  p ro te in
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Fig. 4. Swelling of gelatm in solutions of sodium hydroxide a t 0°.
arising  from  th e  difference in  concen tra tion  o f th e  
diffusible ions in  th e  p ro te in  an d  th e  ex te rn a l phase, 
equ ilib rium  being reached  w hen th e  osm otic pressure 
is ba lanced  b y  th e  cohesive forces o f th e  p ro te in  
(P rocter & W ilson, 1916). W ith  gelatin , P ro c to r & 
B u rto n  (1916) have  show n th a t  e' =  C7F, w here e' is 
th e  difference in  concen tra tion  o f diffusible ions, V  is 
th e  increase in  volum e o f a  given am o u n t o f gelatin , 
an d  C is a  co n stan t, w hich th e y  te rm  th e  ‘b u lk  
m o d u lu s’ o f th e  p ro te in . F o r  an y  given value  o f e' 
th e  increase in  volum e is d ep enden t on G w hich is
phases respectively , an d  z  is th e  eq u iva len t concen­
tra tio n  o f th e  p ro te in  anion or cation , w hence
e '=  — 2æ-l- V(4æ^-|-z^).
H ence, e' a n d  G m ay  be ca lcu la ted  from  a  know ledge 
o f th e  ex te rn a l p H , th e  ac id  or a lka li b o u n d  b y  th e  
p ro te in  an d  th e  increase in  volum e. W ith  a  fibrous 
p ro te in , such  as collagen, such calcu lations can n o t be 
precise. D ifficulty  arises in a llo ttin g  a  va lue  to  2, 
since th e  volum e availab le  for so lu tion  in th e  in te rn a l 
phase  is in  d o u b t, an d  th e  increase in  volum e F  is
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difficult to  determ ine accu ra te ly . I n  m ak ing  th e  
follow ing calcu lations i t  has been assum ed th a t  all 
th e  w a te r held  by  th e  collagen is availab le  for solution 
an d  as an  approx im ation  th e  w ate r up tak e , in excess 
o f th a t  occm rm g in th e  isoelectric range, in m l./g ., 
w as ta k e n  as V.
O n th is  basis e' an d  G w ere ca lcu la ted  for th e  
following sam ples o f collagen: (1) oxhide, using th e
closely w oven th a n  those o f oxhide, th u s  offering 
less resistance to  swelling, and  th e  large difference in 
th e  value o f G for th e  tw o ty p es  o f skin ind icates th a t  
th e  in terw eaving  of th e  fibres m u s t p lay  a  large p a r t  
in determ in ing  cohesion. T he corresponding value of 
G for ge la tin  in hydrochloric acid  solu tions is 0-00021 
(P rocter & B vuton, 1916), i.e. 100 tim es sm aller th a n  
th e  value for a lk a li- trea ted  sheepskin.
T able 1. T yp ica l values o f G, Procter's 'bu lk  m odulus'
(C=e'JV, where V is the increase in volume of the protein in ml./g. and e' is the difference in concentration between the
Sodium chloride concentration (m )protein and the external phase in mol./l.)
Oxhide; 0-0 0-05 0-10 0-2 0-4 0-5
Acid solutions 0127 — — — —
Alkaline solutions, pH 10-12-5 0-075 — .— — — —
Alkaline solutions, pH 13 5 0-008 — — — — —
Alkali-treated oxhide:
Acid solutions 0-111 — — 0-122 — Large
Alkali-treated sheepskin D :
Acid solutions 0-019 0-024 — 0-026 — Large
Alkaline solutions, pH 10-12-5 0-013 0-016 0-013 — — 0-003
Alkaline solutions, pH 13 5 0-001 0-005 0-002 — — <0-001
Alkali-treated sheepskin E:
Acid solutions 0-021 __ — — — —
Alkaline solutions, pH 10-12-5 0-020 — — 0-016 0-010 —
Alkaline solutions, pH 13-5 0-002 — — <0-001 <0-001 —
sw elling and  t i tr a tio n  curves o b ta ined  b y  Bowes & 
K en ten  (1948a, b); (2) a lk a li- trea ted  oxliide, using 
th e  sw elling curves o b ta ined  b y  B alfe & Fow ler 
(1948) an d  th e  t i tr a tio n  curves o f R e tte ro v a  (1948) ;
(3) a lk a li- trea ted  sheepskin , using th e  p resen t curves 
an d  th e  ti tra tio n  curves o f Bowes & K en ten  ( 1948 6).
These calcu lations show  th a t  e' decreases as th e  
p H  increases above 12-0, e.g. w ith  sheepskin  collagen 
th e  va lue  o f e' decreases from  0-056 a t  p H  12-0 to  
0-005 a t  p H  13-5. I t  follows, therefore , th a t  th e  in ­
creased w a te r u p tak e  a t  h igh  p H  values can n o t be 
due to  an  increase in  sw elling pressure, b u t  m u s t be 
a tt r ib u te d  to  a  decrease in cohesion.
T yp ical values o f G u n d e r various conditions are  
given in T able  1. F o r a n y  one sam ple th e  values o f G 
a re  ap p rox im ate ly  co n stan t betw een  p H  1 an d  3 and  
betw een 10-5and 11-0, th e  values being sligh tly  lower 
in  alkaline solutions th a n  in th e  corresponding acid 
so lu tions. A bove p H  12-5 th e  values o f G decrease 
sharp ly . G is n o t affected b y  add itions o f sodium  
chloride u p  to  0-1M, b u t  a t  h igher concen tra tions i t  
begins to  decrease an d  w ith  0-5M -sodium chloride i t  
is reduced  to  a b o u t o ne-quarte r o f th e  value found  in  
th e  absence o f sa lt. T he value o f G fo r a lka li- trea ted  
collagen is sligh tly  less th a n  th a t  o f u n tre a te d  col­
lagen, show ing th a t  such  tre a tm e n t reduces co­
hesion. T he values for th e  a lk a li- trea ted  sheepskin  
coUagens are  on ly  ab o u t one-fifth o f those o f th e  
a lk ah -trea ted  oxhide collagen u n d er corresponding 
conditions. T he fibres o f sheepskin a re  m uch  less
D ISC U SSIO N
T his investigation  show s th a t  decreases in  cohesion 
m u s t p lay  a  m uch  m ore im p o rta n t p a r t  in  d e te r­
m in ing  th e  sw elling o f fibrous p ro te in s in  alkaline 
solu tions th a n  in  acid  solutions. T his can be q u a li­
ta t iv e ly  deduced  from  th e  shape o f th e  curves an d  is 
borne o u t b y  m a th em atica l analysis o f th e  resu lts  on 
th e  basis o f P ro c te r’s theo ry .
O n th e  assum ption  th a t  th e  value  o f G is an 
ap p ro x im ate  m easure o f cohesion, i t  m a y  be  con ­
c luded th a t  th e  cohesion o f collagen in  alkaline so lu ­
tio n s is less th a n  in acid  solu tions a t  corresponding 
p H  values. T he effect is sm all a t  p H  values u p  to  
12-5, b u t becom es increasing ly  m arked  a t  h igher p H  
values, th e  value  o f G decreasing n ea rly  ten fo ld  
betw een p H  12-5 and  13-5. T his decrease in cohesion 
should  ev en tu a lly  lead  to  so lu tion  o f collagen an d  
th is  in  p rac tice  does occur, i f  th e  p H  a n d  th e  tim e  
o f tre a tm e n t is sufficiently  long (p. 2). I n  th is  
connexion i t  m ay  be n o ted  th a t  collagen m ay  be left 
m  a  suspension of calcium  hydroxide (pH  12-6 a t  20°) 
fo r long periods w ith o u t obvious dam age, b u t on 
subsequen t w arm ing  th e  collagen is m u ch  m ore 
read ily  converted  to  gelatin .
T he presence o f sodium  chloride a t  concen tra tions 
o f 0-2 M  or g rea te r also appears to  decrease cohesion, 
w ith  0"5M-sodium chloride th e  effect being eq u iv a ­
le n t to  a  2 5 %  decrease in  G. Salts are  Imown to  
affect th e  sw elling o f p ro te in s  in  th e  isoelectric
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range, b u t in general th e  effect appears to  be sm aller 
th a n  a t  h igher p H  values, an d  takes p lace a t  higher 
concen tra tions o f sa lt (cf. P age & Page, 1927). 
K rm itz  (1929-30) finds th a t  th e  e las tic ity  o f gelatin  
in th e  isoelectric range is only appreciab ly  affected 
w hen th e  sa lt concen tra tion  exceeds 0-8m .
T he reason  w hy sa lts  ah n o st com pletely  suppress 
th e  sw elling o f ge la tin  in  a lkaline so lu tions, while 
only hav ing  a  com parative ly  sm all effect on th e  
swelling of collagen, is re la ted  to  th e  m uch  larger 
u p tak e  o f w a te r by  gelatin . B ecause o f th is  th e  con­
cen tra tio n  of diffusible ions in  th e  gelatin  phase is 
com para tive ly  low, an d  hence th e  difference in  con­
c en tra tio n  betw een  th e  in te rn a l an d  ex te rn a l phases 
is reduced  to  negligible p roportions by  qu ite  low con­
cen tra tio n s o f sa lt w hich have  no  effect on cohesion.
T he first rap id  sw elling observed w hen collagen is 
p laced  in  alkaline solu tions is p ro b ab ly  due to  
osm otic effects. T he fu r th e r slow increase tak ing  
place over long periods o f tim e  m ay  be due to  com ­
b in a tio n  o f base w ith  ad d itio n a l g roups h b e ra ted  as 
a  re su lt o f hydro lysis o f pep tid e  an d  am ide bonds 
an d  th e  consequent fo rm ation  o f a n  increased 
am o u n t o f  p ro te in  sa lt ; or m ore p ro bab ly , in  view  of 
th e  lim ited  chem ical changes o f th is  k in d  w hich tak e  
place (Bowes & K en ten , 19486), to  a  decrease in  th e  
cohesion o f th e  collagen. Since th e  fu r th e r increase 
in  sw elling is m ore m ark ed  w ith  calcium  th a n  w ith  
sod ium  hydrox ide  a t  th e  sam e p H  value, th e  calcium  
ion  appears to  be m ore effective in  decreasing co­
hesion th a n  th e  sodium  ion.
T he decrease in  cohesion observed  m alkaline 
so lu tions is ap p a ren tly  n o t p rim arily  associated w ith  
b reakdow n o f th e  m ain  po lypep tide  chains, since 
a p a r t  from  som e loss o f am ide n itrogen  an d  h y d ro ­
lysis o f a  very  sm all n u m b e r o f p ep tid e  links th ere  is 
li tt le  chem ical change in  th e  collagen (Bowes & 
K en ten , 1948 6). F u rth e r , since a  p rolonged alkaline 
soak  is a n  im p o rta n t p re tre a tm e n t in  one m ethod  of 
p rep a ra tio n  o f gelatin , th e  collagen p resum ably  
ev en tu a lly  goes in to  solu tion  in  th e  form  o f large 
po lypep tides an d  n o t as pep tides. C om parison of th e  
sw elling curves o f collagen and  gelatin  suggests th a t  
th e  increased  sw elling o f b o th  p ro te in s a t  h igh  p H  
values is p rim arily  due to  th e  sam e cause, p robab ly
brealdng  o f in te rm o lecu la r links such as hydrogen  
bonds. H ow ever, th e  existence o f a  m in im um  in  th e  
p H  range  12 0 -12  8 w ith  gelatin , b u t n o t w ith  
collagen, suggests th a t  w ith  collagen breakdow n o f 
s tru c tu ra l fea tu res  re s tric tin g  swelling, such  as 
re ticu la r tissue, e lastin , e tc ., m ay  also be involved.
I t  is u n ce rta in  how  far th e  effects on cohesion o b ­
served in  a lkaline so lu tions are  p e rm an en t and  in ­
fluence th e  subsequen t behav iou r o f th e  collagen. 
Some effect ce rta in ly  rem ains, since th e  increase in 
swelling in  th e  ac id  or isoelectric range following 
alkaline tr e a tm e n t is g rea te r th a n  can be accoun ted  
for, on th e  basis o f an  increase in  th e  n u m b er o f r e ­
active g roups (Bowes & K en ten , 19486). P rov ided  
th e  decrease in  cohesion is n o t too  g rea t an d  th e  
po lypep tide  chains a re  n o t forced too  fa r  a p a rt , it  
w ould ap p ea r reasonable  to  assum e th a t  th e  process 
can largely  be reversed , th e  in term olecu lar links 
betw een th e  chains reform ing as w a te r is w ithd raw n .
SUM M ARY
1. T he sw elling o f collagen in sod ium  hyd rox ide  
solu tion  increases progressively  w ith  increase in  pH , 
and  show s no  decrease a t  h igh  p H  values co rrespond­
ing to  th a t  occurring  in acid so lu tions below  p H  2 0.
2. T he ad d itio n  o f sm all am oun ts  o f sod ium  
chloride (0-05m ) decreases sw elling a t  p H  values u p  
to  12 5, b u t  a t  h igher p H  values h as  litt le  effect. 
H igher concen tra tions o f sa lt cause h tt le  fu r th e r 
decrease in sweUing.
3. C onsideration  o f th e  curves in re la tion  to  th e  
D onnan  th e o ry  ind ica tes th a t  decrease in  cohesion 
p lays an  im p o rta n t p a r t  in de term in ing  sw elling in 
a lkaline solu tions. T here is som e decrease in  cohesion 
a t  aU p H  values above 1 1 0 , b u t m ore especiaUy 
above 13.
4. Sodium  chloride ten d s  to  decrease cohesion.
5. D ecrease in cohesion is in  p a r t  due to  b re a k ­
dow n o f s tru c tu ra l fea tu res, b u t in th e  m ain  to  
b reak ing  o f in term olecu lar links.
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The Swelling of Collagen in Alkaline Solutions
2. SWELLING IN SOLUTIONS OF UNIVALENT BASES
By JOANE H. BOWES a n d  R. H. KENTEN 
British Leather Mamifacturers' Research Association, Egham, Surrey
{Received 22 September 1949)
In  P a r t  1 (Bowes & K en ten , 1950) i t  w as show n th a t  
changes in  cohesion as well as osm otic effects m u s t 
p lay  an  im p o rtan t p a r t  in  determ in ing  th e  swelling 
o f collagen in  solu tions o f sodium  hydroxide. I t  
seem ed probab le  from  these resu lts  th a t  th e  increased 
sw elling a t  h igh  p H  values w as due to  a  decrease in  
th e  cohesion o f th e  collagen, an d  th a t  th is  decrease 
in  cohesion w as associated  w ith  th e  presence o f a  
h igh  concen tra tion  o f h y d roxy l ions ra th e r  th a n  
w ith  an y  specific effect o f th e  sod ium  ion. I t  has 
been suggested, how ever, th a t  bases differ in th e ir  
effect on  collagen ; e.g., am m onia  is rep o rted  to  cause 
m ore sp littin g  u p  o f th e  fibres (an ind ica tion  of 
decreased cohesion) th a n  sodium  hydrox ide  (K aye & 
Jo rd a n  L loyd, 1924).
T he sw elling o f collagen in  so lu tions o f a  num ber o f 
s trong  an d  w eak bases has, therefore, been stud ied  
to  gain  in fo rm ation  regard ing  these  effects, and , in 
p a rticu la r, w ith  respect to  th e  n a tu re  of th e  decrease 
in  cohesion occurring a t  h igh  p H  values in  solu tions 
o f sod ium  hydroxide. I n  a  b rie f accoun t o f th e  p re ­
lim inary  w ork (Bowes & K en ten , 1947) i t  w as show n 
th a t ,  in  c o n tra s t to  stro n g  bases, th e  sw elling o f 
collagen in  solutions o f w eak bases decreased a t  h igh 
p H  values in  a p p a re n t accordance w ith  th e  D onnan  
theo ry . I t  w as suggested  th a t  th e  und issociated  base 
in  som e w ay  in h ib ited  th e  ac tion  o f th e  h y d roxy l ions 
on cohesion. B y  com parison w ith  sw elling curves 
ob ta in ed  in  th e  presence o f organic so lven ts i t  h as  
now  been show n th a t  th e  decrease is re la ted  to  th e  
progressive d ep artu re  from  a n  aqueous m ed ium  as 
th e  concen tra tion  o f base increases.
E X P E R IM E N T A L
Materials
Collagen. The alkali-treated sheepskin collagen D and E 
described in Part 1 (Bowes & Kenten, 1950) was used.
Guanidine. The free base was prepared from the sulphate 
by the addition of a slight excess of Ba(0 H )2 followed by 
removal of excess Ba"*”*" by the addition of H2SO4. The 
solution so prepared gave no test for SO4 , and the ash 
content was 0-0012 g./lOO ml.
Tétraméthylammonium hydroxide. An aqueous solution of 
tétraméthylammonium bromide prepared from trimethyl- 
amine and methyl bromide (Hickinbottom, 1948) was treated 
with AggO, and the solution filtered. The resulting solution 
was 0 - 6 6 n .
Diethylamine. Technical diethylamine was shaken with 
charcoal, dried over solid NaOH and the free base distilled 
off.
The other bases and organic solvents were either of A.R. 
or technical grade as supplied hy British Drug Houses Ltd.
Determination of swelling curves
The technique adopted was the same as tha t used in Part 1 
(Bowes & Kenten, 1950). The weight of water or solution 
held by the coUagen, expressed in terms of percentage of the 
moisture- and ash-free weight, was again taken as a measure 
of sweUing. No special precautions were taken to avoid 
contamination with COg or loss of base by volatUization, but 
the time during which the solutions were exposed to the 
atmosphere was kept to a minimum.
With the weak bases, changes in pH with concentration 
were smaU, and, in addition to pH measurements, the final 
concentration of base was determined by titration. In  some 
cases it was obvious that appreciable amounts of coUagen 
were dissolved, but except when using acetone and dioxan, 
it was not possible to check this by N determinations owing 
to the high N content of the bases. Where appreciable 
solution of the coUagen was suspected, the samples were 
air-dried, heated in an air oven a t 106° for 6 hr. and the 
percentage loss in weight, based on final weight, taken as 
a measure of the sweUing. This method of calculating the 
results is not ideal, since appreciable amounts of base may 
be retained by the coUagen after drying and heating under 
alkaline conditions may lead to some decomposition of the 
coUagen.
AU pH values were determined a t 20° and pH values 
quoted refer to the values a t 20°. The Cambridge glass 
electrode standardized with phthalate buffer (pH 4-00) and 
borate buffer (pH 9-22) was used for pH values below 9-5, 
and the special Beckman electrode standardized with 
NagCOg-NagBjO, buffer (pH 10-00) for the pH values above 
9-5. There is some doubt regarding the pH values of the 
solutions containing high concentrations of weak bases or 
organic solvents. The pH values may be in error owing to the 
Umitations of the glass electrode in alkaline solutions (Dole, 
1941a). This error is probably smaU in solutions of organic 
bases (Dole, 1941a; HUl, 1929; Hubbard, HamUton & Finn, 
1939) and wiU cause the observed pH to be lower than the 
true value. Mclrmes & Dole (1930) found Uttle error with 
0-1N solutions of tétraméthylammonium hydroxide. De­
viation of the activity of water from unity may also introduce 
errors, but by analogy with similar effects in acid solutions 
and solvent water mixtures these are also likely to be small 
(Dole, 19416).
I t  is the hydroxyl-ion activity which governs sweUing, 
however, and although the observed pH values may not be 
greatly in error, alterations in and in the activity of water
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will affect the pH-pOH relationship, and hence the position 
of the swelling curves relative to one another. For true 
comparison with the NaOH curves, those of the weak bases 
should be progressively shifted towards the left as the con­
centration of base increases. Judging from the values of 
Ky, in dioxan and water mixtures [K^, decreases from 
0-6809 X 10“ *^ to 1-234 x 10“ ®^ as the concentration of dioxan 
increases from 0 to 45%; Harned & Fallon, 1939), and from 
the change in pH of O-OlN-NaOH solutions on the addition 
of acetone (Table 1), this shift should be of the order of one 
pH unit when the concentration of base is increased from 
zero to between 30 and 40 % .
RESULTS
Swelling curves in  solutions o f strong and weak 
univalent bases
T he swelling cnrve o f collagen in  té tra m é th y l­
am m onium  hydroxide solutions w as alm ost iden tical 
w ith  th a t  in  sodiiun  hydroxide solu tions (Fig. 1);
700
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4 00  13  400
300 w300
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Fig. 1. Swelling curves of collagen in solutions of NaOH, 
© — 0  ; tetramethylkmmonium hydroxide, 4-------- 1- ; di­
ethylamine, □ —□  ; NHj, A —A  ; NHj with the addition 
ofO-5M-NaCl, X  — X .
sw elling increased rap id ly  w ith  p H  u p  to  115 , in ­
creased m ore slowly in  th e  range  11-5-13-0, an d  th en  
increased rap id ly  -with fu r th e r increases in  p H . T he 
curve for guanidine (Fig. 2) w as o f th e  sam e shape, 
b u t sw elling w as less th a n  in  sodium  hydroxide 
so lu tions a t  p H  values u p  to  13-5. T he sm aller 
am o u n t o f sw elling a t  p H  values below  13-5 is 
p ro b ab ly  due to  com bination  o f guan id in ium  ions 
w ith  th e  collagen so th a t  th e y  m ake no con tribu tion  
to  th e  sweUing pressure.
T he sw elling curves of coUagen hr solutioirs of th e  
w eak  bases (Figs. 1 arrd 2) varied  orrly sligh tly  from  
th a t  iir sodiim r hydroxide solutiorrs up  to  a b o u t 
p H  12-5, birt a t  higher p H  values th ey  begarr to  show  
coirsiderable divergencies, th e  sweUing decreasirrg 
w ith  p H  irr ap p a re n t agroonrerrt w ith  tire D onnan  
T heory , rurtil a t  ab o u t p H  13-5 it  approached  th a t  
forurd irr th e  isoelectric range. T he decreased sweUing 
is rrot dire to  d isin tegratio ir o f th e  coUagen, since th e  
pieces in  th e  m o st corrcentrated  solutiorrs were 
obviously im swollen. Also on dryhrg th e re  w as no 
appreciable loss in  w eight o f th e  coUagen. A lthough  
v a ria tions irr th e  p H -p O H  re la tionsh ip  w ith  in ­
creasing concen tra tion  of base  give rise to  som e 
d o u b t regard ing  th e  ex ac t position  of th e  ciu'ves for 
th e  w eak bases in re la tion  to  th e  curve for sodium  
hydroxide (p. 524), such variatiorrs do n o t a lte r  th e  
fa c t th a t  th e  sweUing decreased w ith  iircreasing con­
cen tra tio n  o f base. T he ad d itio n  o f O-ÔM-sodiurn 
chloride decreased sweUing in  solu tions o f am m onia 
a t  all p H  values, b u t th e  shape o f th e  curve w as
600600
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-  200200
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Fig. 2. Swelling curves of collagen in solutions of NaOH, 
0 — 0  ; guanidino, □ —□  ; piperidine, 4----- F.
unchanged . A t p H  12-0 th e  decrease in  sw elling w as 
o f th e  sam e o rder as th a t  in  sod ium  hydrox ide  so lu­
tio n s a t  eq u iva len t sod ium  chloride concen trations.
These findings ru le  o u t th e  possibU ity th a t  th e  
decrease in  cohesion observed  a t  h igh  p H  values in 
sod ium  hyd rox ide  so lu tions is due to  a  specific effect 
o f th e  sod ium  ion a n d  te n d  to  confirm  th e  -view th a t  
i t  is associated  -with h igh  concen tra tions o f hy d ro x y l 
ions w hich b y  som e m echanism , p ro b ab ly  b reak ing  
o f hydrogen  bonds, reduce th e  cohesion o f th e  
coUagen. T he reason  w hy  th is  effect is ap p a ren tly
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n o t opera tive  in  so lu tions of w eak bases w as n o t a t  
first clear. T he m ost likely ex p lana tion  appeared  to  
be th a t  th e  vmdissociated base in h ib ited  th e  effect 
o f th e  hych’oxyl ions on cohesion. I f  th is  w ere so, 
th e n  i t  m ig h t be expected  th a t  th e  m olar concen­
tra tio n  o f th e  base w ould be a  m ajo r fac to r in  d e te r­
m in ing  tlio effect.
The ejfect o f the concentration of organic base 
at high p H  values
To te s t th e  suggestions m ade above, th e  swelling 
o f collagen in sodium  hydroxide solutions con tain ing  
v ary ing  am oun ts o f am m onia  w as determ ined . T he 
am m onia  concen tra tion  w as k ep t co n stan t a t  3 8, 
7-6 an d  10-6 n  an d  th e  p H  w as varied  by  th e  add ition  
o f sodium  hydr oxide (Fig. 3). T here w as a  consider­
able sc a tte r  o f p o in ts , b u t tire resu lts  ind ica ted  th a t  
a t  an y  given am m onia  concen tra tion , th e  am o u n t of 
sw elling w as a t  first unaffected  b y  rise o f p H , b u t
600 600
500^  500
400400
300 °
200200
8 10 11 12 13 149
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Fig. 3. The effect of additions of NHj on the swelling cirrve 
of coUagen in NaOH solutions. NaOH, O — O ; NHg,
^ ; NaOH 4-3-8M-NH3, H H ; NaOH +7-6m-
NHa, X — X ; NaOH -t-IG-GM-NHg, V — V-
finally  increased  in  th e  sam e w ay as w ith  sodirmi 
hydrox ide  alone. A pparen tly , th e  h igher th e  p H , th e  
g rea te r th e  concen tra tion  of w eak  base necessary 
to  suppress swelling. C onsideration  o f th e  curves in  
F igs. 1-3 ind ica tes th a t  a t  eq u iva len t m olar concen­
tra tio n s  d ie thy lam ine  w as m uch  m ore effective th a n  
am m onia, a n d  sligh tly  m ore effective th a n  p iperid ine 
in  suppressing swelling. T he effect o f a  nu m b er o f 
d ifferent bases a t  th e  sam e m o lar concen tra tion  over 
a  range o f p H  values w as, therefore , de term ined , 
using  5 m -solutions o f  th e  bases, ad ju s ted  to  th e
req u ired  p H ’s w ith  sodium  hydroxide or h y d ro ­
chloric acid. W ith  all th e  bases swelling increased 
w ith  p H , b u t  th e  re la tiv e  effects varied  g rea tly  
(Fig. 4). T here w as an  ind ica tion  th a t  th e  effective­
ness o f th e  bases in  suppressing sw elling w as re la ted  
to  th e ir  concen tra tion  in  g., b u t som e specific 
effect w as also ap p a re n t; e.g. d ie thy lam ine  h ad  a  
m uch  g rea te r effect th a n  o th e r bases a t  th e  sam e or 
g rea te r concen trations. I t  w as also found th a t  th e  
swelling curve in  36 %  (v/v) acetone so lu tions w as 
n o t v ery  d ifferent from  th a t  found  w ith  py rid ine 
an d  som e o f th e  o th e r w eak bases (Fig. 4).
700 f- 700
600 600
§  500 500
•o 400
300 300 I
200200
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Fig. 4. The sweUing of collagen in 5M-solutions of N H ,, 
^ —A ; monomethylamine, © —0 ;  dimethylamine, 
V —V ; diethylamine, □ —□  ; pyridine, x — x ; piperi­
dine, 4 H ; acetone,
The effect o f acetone and dioxan on swelling
To o b ta in  fu r th e r in fo rm ation  on th e  influence of 
th e  m edium  on swelling, th e  effect o f increasing con­
cen tra tions o f acetone a n d  d ioxan  on  th e  p H  an d  
th e  sw elling p roperties o f 0 01 a n d  0-lH -sodium  
hydrox ide  solu tions w as determ ined . T he ad d itio n  
o f acetone progressively  increased  th e  p H  (Table 1) 
due to  a lte ra tio n s i n ( p .  525), th e  sh ift in  p H  being 
o f th e  o rder o f 1 1 —1 5  u n its  in  5 0 %  (v/v) acetone. 
T he sh ift in  p H  w ith  increasing  d ioxan  concen tra tion  
w as m uch  less, a b o u t 0 7 p H  u n it ;  th is  m a y  have
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T able 1. The effect o f acetone and dioxan on the p H  values of sodium  hi/droxide solutions and. the effect of 
acetone on the soluble nitrogen derived fro m  collagen after soaking fo r  3 days in  sodium  hydroxide solutions 
at 20°
(The time elapsing between the addition of the dioxan and the determination of j)H varied from 0-5 to 1 hr.)
Acetone in 0-01N-NaOH 
pH
Acetone in 0 1 N-NaOH 
pH
Dioxan in 0 OlN-NaOH  
pH
------------ \
After
-
After
,
After
Concentration 3 days’ 3 days’ 3 days’
of acetone contact Soluble N contact Soluble N contact
or dioxan witii (mg./g. with (aig./g. with
(ml./lOO ml.) Initial collagen collagen) Initial collagen collagen) Initial collagen
0 1205 11-98 3-8 12-97 12-99 9-2 12-06 12-02
6 —. 12-10 2-3 13-09 13-09 9-4 12-08 12-05
10 12-28 12-21 6-1 13-18 13-19 10-5 12-22 12-08
15 12-38 12-34 4-2 13-36 13 33 • 7-8 12-12 12-10
20 — 12-45 3-8 13-44 13-47 9-1 12-28 12-12
25 12-68 12-58 5-1 13-56 13-59 9-6 12-38 12-13
30 12-75 12-72 12-2 13-67 13-67 13-0 12-46 12-10
35 12-99 12-86 9-0 13-78 13-81 14-3 12-50 12-06
40 13-12 13-02 9-3 13-97 13-92 16-5 12-60 11-93
45 13-31 13-20 5-4 14-06 14-01 15-8 12-72 11-62
50 13-48 13-36 7 1 14-13 14-15 16-4 12-74 11-12
been  due  to  reaction  w ith  tlie  d ioxan  since a fte r 
3 days th e  p H  o f th e  co n cen tra ted  d ioxan  solutions 
h a d  fallen  below  th a t  o f th e  original sochuin h y ­
droxide (Table 1).
500 500
400 Ô400
= 300 300 3
200 200
2-5 5 10 15 20 25 
NHj, g./lOO, ml.
010203040 50 
Acetone, ml.(100 ml.
11 12 13 14
Final pH
Fig. 5. The effect of increasing additions of acetone on the 
swelling of collagen in 0 01 ( □ —□ ) and O-lM-NaOH 
( 0 —0 )  solutions. The swelling curve obtained with 
NHg ( ^ —/ff) is included for comparison.
T he sw elling o f th e  collagen decreased as th e  con­
cen tra tio n  o f th e  acetone increased  an d  in  50 %  (v/v) 
acetone th e  sw elling w as of the  sam e order as in  th e
isoelectric range. W ith  acetone in  O-OlN-sodium 
hydi-oxide th e  n e t resu lt o f these tw o effects, rise 
in p H  an d  decrease in swelling, w as to  give a  sw elling 
c iuve  sim ilar in  shape to  those found  w ith  th e  w eak 
bases (Fig. 5) excep t th a t  i t  descended m ore sharp ly  
w ith  p H , since th ere  w as no increase in  h y d roxy l ion 
concen tra tion  due to  dissociation  o f base. W ith  0-1n - 
sodium  hydi’oxide th e  curve was o f th e  sam e shape.
600 - 600 Ï
Ô 300 300
200 .29
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Fig. 6. The effect of the addition of 50% (v/v) acetone on the 
swelling of collagen in HÜ1 and NaOH. No acetone, 0 —0 ;
50 % acetone, 4 f-, and 50 % acetone, allowance made
for effect on x  X .
b u t w as sh ifted  to  correspondingly h igher p H  values. 
A cetone also decreased sw elling in  th e  isoelectric 
range an d  in  acid  solu tions (Fig. 6).
The effect o f organic solvents on solution o f collagen
A lthough  acetone an d  d ioxan  decreased swelling 
in  a lkaline so lu tions, th e y  also tended  to  favour 
solu tion  o f th e  collagen (Tables 1 an d  2). O ther
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organic so lvents m iscible w ith  w ate r, e.g. ■isopro­
pano l an d  pyrid ine, also h a d  a  sim ilar effect (Table 2). 
I f  th e  hy d ro x y l ion concen tra tion  exceeded a b o u t 
0-5m th e  above so lven ts a t  5 m concen tra tions an d  
20° caused  a lm ost com plete so lu tion  of th e  collagen 
in  3 days.
T able  2. The effect o f organic solvents on the am ount 
o f collagen dissolved during  3 days' soaking in  
sodium  hydroxide solutions at 20°
Normality pH  at Percentage loss in
Solvent NaOH 20° weight
Dioxan 0-79 Approx. 14-1 Nearly all dissolved
(40%, v/v) 053 Approx. 14-1 Nearly all dissolved
026 Approx. 14-1 All dissolved except
grain
«-Propanol 0 63 13-9 Dissolved in 1 day
(37%, v/v) 030 13-7 Dissolved in 2 days
Pyridine 0 10 13-8 80
(40% , v/v) 008 13-7 56
005 13-7 14
004 13-6 8
002 13-4 2
Dietliylaniine 0-002 13-5 2
(40% , v/v)
Acetone 0-63 14-1 Dissolved in 1 day
(36% , v/v) 0-30 14-0 Dissolved in 2 days
Acetone 0-05 13-9 3-5
(50% , v/v) 0-03 13-8 2-2
0-02 13-7 2-7
0-015 13-6 2-5
0-01 13-4 2-4
0-007 13-3 2-0
0-002 12-6 0-9
D ISC U SSIO N
T he resu lts  o f th is  investiga tion  confirm  th e  su g ­
gestion  th a t  th e  increased  sw elling a t  h igh  p H  values 
m  sodium  hydrox ide  solu tions is associated  w ith  th e  
presence o f a  h igh  concen tra tion  o f hy d ro x y l ions 
ra th e r  th a n  w ith  an y  specific effect o f th e  sodium  ion. 
T he o th e r stro n g  bases s tud ied  gave sw elling curves 
o f th e  sam e shape as those o b ta in ed  w ith  sodium  
hydrox ide  an d  th e  ad d itio n  o f 0-5M -sodium chloride 
d id  n o t a lte r  th e  shape o f th e  am m onia curve, b u t 
reduced  swelling a t  all p H  values. V aria tions in  
sw elling caused b y  th e  d ifferent bases, b o th  s trong  
a n d  w eak, a t  p H  values u p  to  12 5 can  be a ttr ib u te d  
to  v a ria tions in  th e  e x te n t to  w hich  th e  cations com ­
bine w ith  collagen, th u s  reducing  th e ir  con tribu tion  
to  th e  sw elling pressure. O n th is  basis th e  gu an i­
d in ium  ca tion  has a  m uch  g rea te r, an d  th e  a m ­
m onium  ion a  sligh tly  g rea te r, affin ity  for collagen 
th a n  th e  cations o f th e  o th e r  bases stud ied . T he 
pow er of guanid ine sa lts  to  d en a tu re  p ro te ins m ay  
be  re la ted  to  th e  h igh  affin ity  o f th e  guanid in ium  
ions fo r p ro te ins. T he decrease in  sw elling a t  h igh  
p H  values in  solu tions o f w eak  bases, in  ap p a re n t
agi-eement w ith  th e  D onnan  th eo ry , is less read ily  
explained. I t  w as th o u g h t a t  first th a t  th e  presence 
o f th e  undissociated  base in  som e w ay  in liib ited  th e  
effect of th e  h y d roxy l ions on cohesion (Bowes & 
K en ten , 1947), b u t since depression o f th e  swelling 
w as found  to  be dependen t on  th e  percen tage  ra th e r  
th a n  on th e  m o lar concen tra tion  o f th e  base i t  
seem ed m ore likely th a t  i t  w as re la ted  to  changes in  
th e  m edium . T he fac t th a t  sw elling curves o f sim ilar 
shape are ob ta ined  b y  progressively  increasing th e  
concen tra tion  o f acetone in  0 01 an d  OTN-sodium 
hydroxide solutions lends su p p o rt to  th is  view . H o w ­
ever, there  are  also specific differences betw een  th e  
bases, for th e  e x te n t to  w hich sw elling is decreased 
is n o t en tire ly  dependen t on th e  percen tage com ­
position  o f th e ir  so lu tions; e.g. swelling in  d ie th y l­
am ine solutions is m uch  less th a n  th a t  in  so lu tions 
o f o th e r bases a t  sim ilar or h igher percen tage  con­
cen trations.
T he decrease in  sw elling w ith  increasing concen­
tra tio n  o f w eak base or organic so lven t m u s t be due 
e ither to  a  low ering o f th e  sw elling pressure or to  an  
increase in  cohesion. Since th e  presence o f organic 
so lvents ten d ed  to  disperse collagen, w hich is in  itse lf 
a n  ind ica tion  o f decreased cohesion, th e  form er 
suggestion seem s th e  m ore likely. Some effect 
analogous to  th e  ‘sa lting  o u t ’ o f soluble p ro te ins 
m ay  also p lay  a  p a r t  as th e  effects are ap p a re n t even 
w hen th e  swelling p ressure is v ery  low, e.g. a t  v e ry  
h igh  or low  p H  values an d  in  th e  isoelectric range.
T he m echanism  b y  w hich th e  sw elling p ressure is 
decreased is n o t a t  p re sen t clear. I t  is unlikely , 
judg ing  from  th e  ti tr a t io n  curves o f p ro te in s in  
organic so lvents, an d  in  p a rticu la r o f ge la tin  (L ich­
tenste in , 1940), th a t  i t  can  be  a tt r ib u te d  to  a lte ra ­
tions in  th e  ion ization  o f th e  reac tive  groups o f th e  
collagen. I t  is possible th a t  i t  m a y  be connected  
w ith  th e  effect o f th e  so lven ts on  th e  ac tiv ities o f th e  
ions. T he d is trib u tio n  o f th e  ions betw een  th e  in te r­
n a l an d  th e  ex te rn a l phases in  th e  D o n n an  equilib ria  
is m ore p roperly  rep resen ted  b y  ac tiv ities th a n  b y  
concentrations. T hus
e '=  2ayy + a^z — 2 a ^ ,
w here e', x , y  an d  z h ave  th e ir  u su a l significance 
(Bowes & K en ten , 1950; B olam , 1932) a n d a^., a„ an d  
Ug a re  th e ir  respective a c tiv ity  coefficients. I n  
aqueous sod ium  hydrox ide  solu tions th e  ac tiv ity  
coefficients w ill n o t differ g rea tly  from  u n ity , b u t in  
th e  presence o f organic substances th e  ac tiv ity  
coefficients w ül be  app rec iab ly  low er, an d  e ', an d  
hence th e  sw elling pressure, w ill be p ro p o rtio n a te ly  
sm aller. To w h a t e x te n t th e  swelling m ay  be affected 
b y  differences betw een  th e  a c tiv ity  o f th e  com ­
ponen ts  o f th e  so lven t phase  inside an d  ou tside th e  
fibres is n o t ev iden t.
A lthough  giving no positive  evidence regard ing  
th e  possible reasons for th e  decrease in  cohesion of
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th e  collagen a t  h igh  p H  values, th e  resu lts  are  n o t 
inconsisten t w ith  th e  view  th a t  th e  m ain  cause is 
b reakm g o f in term olecu lar links betw een th e  p o ly ­
p ep tide  m olecules. T he break ing  of hydrogen  bonds 
betw een po lypep tide  g roups will a lm ost ce rta in ly  be 
involved to  som e ex ten t, b u t in view  o f recen t w ork  
b y  L indley  (1947), w ho finds th a t  th e  specific 
rem oval o f am ide groups gi-eatly increases th e  
so lub ility  o f wool in  alkaline solutions, links in ­
volving these groups m ay  also be concerned. T re a t­
m en t o f collagen in  sodim n hydroxide solu tion  a t  
p H  13 7 for 3 days decreased th e  am ide n itrogen  from  
0-36to  0-12 m m ol./g . an d  caused over 700 %  swelling, 
w hereas tre a tm e n t in  anunon ia  or d ie thy lam ine  
solu tions a t  th e  sam e observed p H  values h ad  no 
appreciable effect on  th e  am ide n itrogen  an d  caused 
no swellmg. In  th is  connexion i t  is o f in te rest th a t  
Am es (1944) s ta te s  th a t  loss o f am ide n itrogen  is 
essential for th e  p roduc tion  o f ge la tin  from  collagen. 
A no ther possib ility  is th a t  th e  decrease m  cohesion 
is re la ted  to  rem oval o f m ucopolysaccharides. 
P a rtr id g e  (1948), as a  re su lt o f w ork on th e  s ta te  of 
com bination  of chondro itin  su lp h a te  in  cartilage, 
suggests th a t  th e  chondro itin  su lpha te , ac ting  as a  
m u ltiv a len t anion , cem ents toge ther th e  p ro te in  
molecules to  form  fibrous m acrom olecules. H e finds 
th a t  b reakdow n of th e  gela tin -chondro itin  su lphate  
com plex causes a  large decrease in  th e  v iscosity  of 
gelatin . T rea tm en t w ith  a lkali or calciiun  chloride 
are  com m on m ethods o f ex trac tin g  choncfioitin su l­
p h a te  from  cartilage an d  o th e r tissues, an d  since 
b o th  these tre a tm e n ts  lead  to  a  decrease in  cohesion 
(for in fo rm ation  on th e  effect o f calcium  chloride 
see Bowes, 1950) i t  seem s possible th a t  its  re ­
m oval m ay  a t  leas t be a  co n tr ib u to ry  cause o f th is  
decrease.
SUM M ARY
1. T he sw elling o f ox-hide collagen in  so lu tions o f 
strong  an d  w eak bases has been stud ied . D ifferences 
in  swelling a t  p H  values up  to  p H  12 5 are  ascribed  
to  varia tions in th e  affinity  o f th e  cations for th e  
collagen.
2. T he sw elling cm ves ob ta ined  w ith  té tra m é th y l­
am m onium  hydroxide an d  guanid ine w ere o f th e  
sam e general shape  as th e  curve o b ta ined  w ith  
sodium  hydroxide, suggesting  th a t  th e  increased 
sw elling a t  high p H  values is due to  increase in th e  
h ydroxy l ion concen tra tion  ra th e r  tlian  to  an y  
specific effect o f th e  sodium  ion.
3. W ith  w eak bases swelling decreased a t  p H  
values above 12 5, in ap p a re n t accordance w ith  th e  
D onnan  theo ry . Curves o f sim ilar shape w ere 
o b ta ined  b y  th e  ad d ition  of hicreasing  am oun ts  of 
n eu tra l organic solven t, an d  it  is concluded th a t  th e  
decrease in  sw elling is due to  th e  progressive de- 
p a rtu ro  from  an  aqueous m edium . T here were also 
specific effects due to  th e  d ifferent bases.
4. T he effect o f th e  organic so lvents w as p re ­
sum ab ly  due to  decrease in  th e  sw elling pressure 
ra th e r  th a n  to  increase in  cohesion, since th e ir  
presence w as found  to  favou r so lu tion  o f th e  
collagen.
5. T he resu lts  are  consisten t w ith  th e  view  th a t  
decrease in th e  cohesion o f collagen a t  h igh  p H  
values is due to  b reak ing  of in term olecu lar Im kages. 
T he possible n a tu re  o f these linkages is discussed.
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T he sw elling o f collagen in  solu tions o f a  nu m b er of 
u n iv a len t bases has been described in  prev ious com- 
rriim ications (Bowes & K en ten , 1950a, 6). In  th e  
p resen t pap er th e  w ork has been ex ten d ed  to  cover 
th e  b iv a len t bases, calcium , s tro n tiiu n  an d  barium  
hydroxide.
E X P E R IM E N T A L
The raw material and technique were the same as those used 
in Parts 1 and 2 (Bowes & Kenten, 1950a, h). Saturated 
solutions of Ga(OII)a, 8r(0H)g and Ba(OH); were prepared by 
shaking excess of the solid hydroxide with boiled distilled 
water and allowing to settle.
R E S U L T S
Sw elling in  solutions o f calcium, strontium  and  
barium  hydroxides
T he sw elling o f collagen in  solu tions o f calcium , 
s tro n tiu m  an d  b a riu m  hydrox ides w as considerably  
less th a n  in  sod ium  hydrox ide  solu tions a t  a ll p H
600 600
R 500 500 Ô
-5 400
300
200200
6 7 8 9 10 11 12 13 14
Final pH
Fig. 1. Swelling of collagen in solutions of Ca(0H)2, A —A ; 
Sr(OH)g, H— •+; Ba(OH)g, Q]—[]]• Curve ©—® for 
NaOH solutions included for comparison.
values, a n d  m ore especially  in  th e  range 11 0-13 0 
(Fig, 1). T he curves w ere o f th e  sam e general shape 
as th e  sodium  hyd rox ide  c iuve , show ing a  fla tten ing
betw een p H  12 0 an d  13 0 followed b y  a  sharp  
increase in sw elling a t  h igher p H  values. A ppreciable 
swelling com m enced on ly  a t  a b o u t p H  11, i.e. 
approx im ate ly  one p H  u n it h igher th a n  w ith  sodium  
hydroxide. The am o u n t o f sw elling decreased in  th e  
order barium , s tro n tiu m , calcium  hydroxide. E ven  
in barium  hydroxide solu tions th e  swelling, in  excess 
of th a t  occurring in  th e  isoelectric range, w as b are ly  
h a lf  th a t  in  sod ium  hyd rox ide  solu tions, th a t  in  
s tro n tiu m  hydrox ide  w as ra th e r  less an d  th a t  in  
calcium  hydrox ide  w as on ly  a b o u t one-eighth  o f th a t  
in  sodium  hydrox ide  solu tions.
The effect o f calcium  and sodium  chlorides on 
swelling in  calcium  hydroxide solutions
T he ad d itio n  o f calc ium  chloride increased  th e  
swelling in  calc ium  hydrox ide  so lu tions a t  aU p H  
values (Fig. 2), th e  presence o f 0-09M-calcium
c" 400 400 -p.
Molaricy 
of CaCb
M 300
0-2 . . .  
01  + •
200200
100 I> 100
Final pH
Fig. 2. The effect of addition of CaClg on the swelling 
of coUagen in Ca(0H)2 solutions (A —A , no OaClg).
chloride sligh tly  increased  th e  swelling, an d  as th e  
concen tra tion  w as fu r th e r  increased  th e  swelling 
progressively  increased  u n til in  th e  presence o f 1-0M- 
calcium  chloride i t  w as m ore th a n  tw ice th a t  in  th e  
hydroxide alone. T he  ad d itio n  of a  sa lt m u s t decrease 
th e  sw elling p ressure, a n d  th e  fac t th a t  calcium  
chloride increased  sw elling ind ica tes th a t  i t  m u s t 
have a  v e ry  m ark ed  effect in  decreasing th e  cohesion 
of th e  collagen.
T he ad d itio n  o f sod ium  chloride also increased  
sw elling in  calcium  hydrox ide  solu tions (Figs. 3 an d  
4). As low a  concen tra tion  as 0 001 m-sodium chloride
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caused a  sm all increase in  swelling, an d  w ith  0-02 m- 
sod iiun  chloride th e  sw ellm g w as ap p rox im ate ly  
doubled . T he swelling con tinued  to  increase u n til th e  
concen tra tion  reached  0-1m an d  th e n  rem ained  
ap p rox im ate ly  co n stan t as th e  concen tra tion  w as 
fu rth e r increased to  0 2, 0-5 an d  1 m . A bove 0 iM
Molarity 
of NaCI_
O-OS M
r,_^-0-01 «
400 5?  400
0005 300M 300
200 °  
3o 200
100^ 100
Final pH
Fig. 3. The effect of addition of NaCI on the swelling 
of collagen in Ca(OH)j solutions.
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Fig. 4. The effect of addition of NaCI on the swelling 
of collagen in Ca(OH)a solutions.
th e  shape o f th e  curve began  to  change, th e  fla tten ing  
in  th e  p H  range  12-0—12-5 w as less m ark ed  an d  th e  
curve ten d ed  to  descend m ore sh a rp ly  w ith  decrease 
in  p H  u n til i t  becam e concave in  shape. Sim ilar 
changes in th e  shape of th e  sw elling curves in  sodium  
hydrox ide  solu tions w ith  increasing sod ium  chloride 
concen tra tion  have  a lready  been  described (Bowes & 
K en ten , 1950 a).
T he m ax im u m  show n in  th e  neighbourhood  o f 
p H  11-5 w ith  0-02 an d  0-04M -sodium chloride m ay  
be due to  changes in  th e  calcium -ion concen tra tion .
A  change in  p H  from  11-5 to  12-5 involves a  tenfold  
change in  th e  calcium -ion concen tra tion , an d  since 
th e  sodiiun-ion concen tra tion  is co n stan t an d  low, 
i t  is possible th a t  such a  rise m ay  increase th e  
Ca'*"''/Na'‘' ra tio  sufficiently to  cause a  decrease in 
th e  swelling.
D ISC U SSIO N
On th e  basis o f th e  D orm an th eo ry  of m em brane 
equ ilib ria  i t  m igh t be expected  th a t  th e  sw elling 
pressure an d  hence th e  am o im t o f sw elling w ould be 
th e  sam e w ith  all tliree  alkaline e a r th  bases, an d  
ra th e r  m ore tlu m  h a lf  th a t  in  sodium  hydrox ide  
solu tions a t  corresponding p H  values, th e  ra tio  of 
th e  m em brane p o ten tia ls  in  m ii- an d  b i-va len t 
system s being 0-66 ( Bolam , 1932). O nly w ith  barium  
hydrox ide , how ever, d id  th e  swelling ap p roach  h a lf  
t h a t  foim d w ith  sodium  hydroxide an d  w ith  calcium  
hydrox ide  i t  w as very  m uch  less. T he low arnoim t of 
sw elling in  calcium  hydrox ide  is th e  m ore sur'prising 
w hen i t  is rem em bered  th a t  th e  second d issociation  
co n stan t o f calcium  hydrox ide  is com parative ly  low, 
0-031 (D avies, 1938), so th a t  a b o u t o n e-th ird  o f th e  
calc ium  functions as a  m onovalen t cation , w hereas 
w ith  barim n  hydrox ide  th e  corresponding d is­
sociation  co n stan t is 0-23 (D avies, 1939) an d  n early  
all th e  b a rium  will be p resen t as th e  d iv a len t cation .
T he unexpected ly  low  sw elling in  solu tions of 
b iv a len t bases, especially  calcium  hydrox ide , m ay  
be due to  th e ir  hav ing  a  sm aller effect on  th e  cohesion 
th a n  sodium  hydroxide, or to  incom plete ionization  
of th e  p ro te in  sa lts . I n  view  o f th e  re la tive  effects o f 
calcium  an d  sodium  clilorides on sw elling in  calcium  
hydrox ide  (Fig. 2), an d  in  sod ium  hydrox ide  (Bowes 
& K en ten , 1950 a), respectively , an d  o f th e  low ering 
o f th e  sh rinkage tem p e ra tu re  caused  b y  calcium  
chloride (Theis & S te in h a rd t, 1942), i t  w ould  ap p ear 
th a t  th e  calc ium  ion reduces th e  cohesion o f th e  
p ro te in  to  a  m uch  g rea te r e x te n t th a n  th e  sodium  
ion an d  th e  flrst suggestion is, therefore, im probable . 
T here is a  considerable am o u n t o f evidence po in tin g  
to  th e  com bination  o f a lkaline e a r th  cations, 
especially  calcium , w ith  p ro te in s  (G reenberg, 1944) 
a n d  b y  analogy  w ith  th e  d issociation  co n stan ts  o f 
calcium  an d  barium  sa lts  o f th e  h y d ro x y  an d  di- 
carboxylic acids (C annan & K ibrick , 1938), calcium  
is likely  to  have  a  g rea te r affin ity  th a n  b a riu m  for 
p ro te ins. T he p resen t observations suggest th a t  th e  
affin ity  o f calcium , s tro n tiu m  an d  b a riu m  for col­
lagen decreases in  th e  o rder C a > S r ^ B a .  N o 
evidence is a t  p resen t availab le  regard ing  th e  re la tive  
effect o f these  th ree  cations on cohesion.
I t  seem s th a t  th ree  fac to rs p a rtic ip a te  in  d e te r­
m in ing  th e  effect o f ad d itions o f sod ium  chloride to  
solu tions o f calc ium  hydrox ide  (or o f an y  u n iv a len t 
sa lt to  a  so lu tion  o f a  b iv a len t base) on  th e  sw elling 
o f collagen : (1) T he effect o f th e  u n iv a len t ca tion  in  
increasing  th e  sw elling pressure. (2) T he effect o f
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th e  sa lt in  decreasing th e  sw elling pressure. (3) T he 
effect o f th e  sa lt on  cohesion. T he curves show n in  
F ig . 3 suggest th a t  a t  low  concen tra tions o f sodium  
chloride, increase in  th e  sodium -ion concen tra tion  is 
th e  p red o m in an t fac to r, th e  rise in  th e  Na'^'/Ca''"*' 
ra tio  increasing th e  sw elling pressure w ith  th e  resu lt 
th a t  sw elling increases. As th e  co ncen tra tion  of 
sod ium  chloride increases, th e  effect o f sa lt in  d e ­
pressing  th e  sw elling p ressure becom es ap p a ren t, and  
balances th e  effect o f increase in  th e  sodium -ion 
concen tra tion , so th a t  th e  swelling rem ains co n stan t. 
T he change in  th e  shape o f th e  curve above 0 iM  
suggests th a t  cohesion is beginning to  be affected ; a t  
concen tra tions of th is  o rder th e  sw elling pressure 
p ro b ab ly  begins to  decrease, b u t th e  decrease in  
cohesion balances th is  an d  th e  sw elling rem ains 
unchanged . A t concen tra tions o f 2 m  or g rea ter, 
sod ium  chloride begins to  decrease th e  swelling 
again , p ro b ab ly  b y  an  ac tion  sim ilar to  th a t  oc- 
cun-ing in  th e  sa lting  o u t o f p ro te ins (Colm & E dsall,
1943).
SUMIVIARY
1. The swelling of collagen in  solu tions o f b ivalen t 
bases w as found to  decrease in  th e  o rder barium  
hydroxide >  s tro n tiu m  h y d rox ide  >  calcium  h y d ro x ­
ide. Swelling in  ba riu m  hyd rox ide  so lu tions w as 
ra th e r less th a n  half, a n d  th a t  in  calc ium  hydroxide 
solutions ab o u t one-eigh th  o f th a t  in  sodium  
hydroxide solutions. T he sm all am o u n t o f swellmg in  
calcium  hydroxide solu tions is a t t r ib u te d  to  com ­
bination  of calcium  ions w ith  th e  collagen.
2. T he add ition  o f calc im n or sod ium  chlorides 
increased sw elling in  calc ium  hyd rox ide  solutions. 
T he increase w ith  calc ium  chloride is a ttr ib u te d  to  
decrease in  th e  cohesion o f th e  collagen, an d  th e  
increase w ith  sod ium  chloride to  th e  ad d ition  o f a  
un ivalen t ca tion  an d  consequen t increase in  swelling 
pressure.
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R eprin ted  from  Jou rn al Society of Leather Trades' Chem ists, 194!), 33, l7G.
RECENT STUDIES OF THE CHEMISTRY OF THE LIMING PROCESS. 
By J. H. Bowes.
A number of factors are involved in liming : (1) the removal of hair or 
wool ; (2 ) chemical action of the alkali on the skin proteins, collagen, elastin, 
and reticular tissue ; (3) physical action on the collagen and other proteins, 
such as swelling, and removal of constrictive forces holding the collagen fibres 
together.
Removal of the hair or wool is essential for most types of leather, and the 
efficiency with which this process is carried out has an important influence on 
the appearance of the leather. Chemical action on the skin collagen may affect 
its behaviour in the subsequent processes and its capacity to combine with 
tanning agents, and physical actions such as swelling and opening up will have 
important effects on the physical properties of the resulting leather.
It is proposed to discuss present knowledge of the chemistry of the liming 
process, dealing more especially with work recently carried out in these 
Laboratories.
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Removal of Hair.
The removal of the hair or wool is dependent on the breakdown of the 
disulphide link of the amino acid cystine in the keratin molecules, and*perhaj)s 
also to effects on the cementing substances holding the hair root in the follicle.
The disulphide link forms a cross link between adjacent polypeptide chains:
\ h . C H a  . S . S . C H a .  C H
When the disulphide link is broken the stability of the keratin is decreased, 
the hair is weakened and finally disintegrates. The hair root and the base of 
the hair shaft are more susceptible to attack, than the main shaft^, and hence 
it is possible to loosen the hair without causing appreciable damage to the 
bulk of it.
It has been suggested by various workers®» ® that the disulphide link
is hydrolysed in alkahne solution to give sulphenic acid and thiol groups
\  /  \  /J)IL . C H a . 8 . 8 .  C H g . ( M  >J iK  . C H ^ . S O H + H S  . C H j . C H
In alkali alone, however, new cross links can be formed which restabilise the 
structure. This is the reason why alkaline solutions alone will not readily 
unhair, and why difficulty is sometines experienced in unhairmg hides or skins 
which have been soaked in alkaline solutions^» s, 9 '
It was first suggested that cross links involving the amino groups were 
formed as shown in equations 1 and 2 :
\  /  \  /  ,
(1) C H  . C H g . S O H  + H a N  . ( C H J ^ . Œ  — C H  . C H ^ . 8  . N H  . ( C H ^ ) ^ .
\  \  4 6
(2) C H . C H ^ . S O H  > C H . C H O + H a S * ’ ®
/  /
\  /  \  / ,
C H  . C H O + H g N  . (CHa)^  . C H   j- ^ C H  . C H  : N  . (OHg)^ . O T
The formation of such cross links should leave free thiol groups in the wool, 
and failure to demonstrate the presence of these®» or of aldehyde groups, or 
to find any decrease in the amino-nitrogen^” suggests that they cannot occur to 
any great extent.
It was suggested by Speakman and WheweU^^ in 1936 that thioether cross 
linkages were formed, and their existence has now been confirmed by the 
isolation of lanthionine from alkali-treated wool, first by Horn, Jones and 
RingeT® in 1941, and subsequently by a number of other workers^°» :
H O O C  N H a
\  /
C H  . C H g . 8  . C H j j . C H
/  \
H g N  C O O H
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The following mechanisms have been suggested for its formation :
\  \  14
(1) CH . CHa. S O H  J i H  . CH^OH + S
\  /  \  /  16
CH . CHgOH + H S  . C H ,. C H  CH . CHg. S . CH^ : CH
/  \  /  \
(2) ^ H  . CHa. S O H  > ^  : CHg +  (HSOH----v S +  HgO)
\  /  \  /  10
C : CHa + H S  . C H a . -----^C H  . CHa. S . CHa.
The first mechanism was put forward as a suggestion, and there is no direct 
evidence in support of it. Cuthbertson and Phillips^®, however, did a con­
siderable amount of work to establish their theory. They found that about 
half the cystine in wool could be converted into lanthionine by the action of 
alkalis, while the other half was converted to two molecules of combined amino 
acrylic acid. It is assumed that the second molecule of amino acrylic acid 
is formed by the loss of hydrogen sulphide from the thiol group as postulated 
by Nicolet^®. Both reactions are favoured by increase in pH, but that leading 
to the formation of two molecules of amino acylic acid requires a higher pH  
than that due to the formation of lanthionine. It is suggested that the 
different reactivity of the two fractions, termed (A + B ) and (0-}-D) by Phillips, 
is due to their environment. The reactions of (A + B ) are probably more 
rigidly controlled by structural factors and hence reaction between the products 
of the hydrolysis of the disulphide link readily take place, thus leading to 
the formation of lanthionine, whereas fraction (0 + D ) is less restricted, and 
there is less possibility of such reactions occurring.
Conversion to lanthionine was found to take place more rapidly with 
barium hydroxide than with sodium hydroxide^® ; 0.38iV barium hydroxide 
converted half the disulphide links into lanthionine in three-quarters of an 
hour at room temperature. B y analogy, it may be expected that pre-treatment 
in solutions of lime will lead to more rapid formation of new cross linlis, and 
hence to greater difficulties in subsequent unhairing, than pre-treatment i n . 
sodium hydroxide solutions under corresponding conditions. In this con­
nection Anderson^’ has shown that hair is more rapidly made resistant to 
supercontraction in boiling bisulphite by calcium hydroxide, than by sodium 
hydroxide solutions, at the same concentration.
It is the function of the unhairmg agent to prevent the formation of new 
cross links by reacting with the groups involved. Sulphides can act by  
reducing -SO H  groups to SH groups and so preventing the formation of
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anthionine—e.g. (1) below, and hydro.sulphides and other reducing agents 
can act in the same way :
(1) Sulphides and hydrosulphides.
CH . CHg . S O H + N a jS  >■ CH . CHg. S~Na"*'-|- other sulphur-containing
/  /  compounds chief ly thiosulphate^®
(2) Cyanides.
^ ! H  . C H g . S O H  +  H S  . C H g. ^ + N a C N  . C H ^ . S C N + N a + S " .  C H , . ( ^ "
(3) Amines.
\ h  . CHg. SO H + CH.,. NHg  y \ h  . CHg. S . NH . CH,
/  /  (by analogy with reaction 1, p .177)
\  \
C H  . C H O + C H 3 . N H g  y C H . C H t N . C H g
/  /  (by analogy with reaction 2, p .177)
(4) Bisulphite.
\  \  20
^ H  . C H g . S O H + N a H S O g — >  ^ H  . C H g . 8  . S O g " N a +
(Ranidés may have effects other than that shown in equation 2 , since 
Cuthbertson and Phillips^® have recently found that in neutral solution potas­
sium cyanide converts all the cystine in wool to lanthionine. I t  has been 
suggested that amines react as shown in equations 3 above, so preventing the 
formation of cross links involving amino groups, but since the existence of such 
links now appears doubtful, some other mechanism wiU have to be sought. It 
is possible that -S .N H - links are not formed in the protein owing to the position 
of the -SOH and -NHg groups relative to one another, but that the amines ean 
react with -SOH groups as shown above, and so prevent the formation of 
lanthionine.
To summarise, therefore, unhairing is dependent on two reactions, 
hydrolysis of the disulphide link, and the reaction of the unhairing agent with 
the products of this hydrolysis, or other groups involved in the formation of 
new cross-links. The first reaction is dependent on the hydroxyl ion con­
centration, and the second on the concentration of the unhairing agent ; the 
higher the concentration of either of these, the greater the action on the hair.
The effect of the hydroxyl ion concentration on unhairing is illustrated by 
the results in Table I. Pieces of goatskin were placed in a series of solutions 
of constant sulphide concentration, but of varying hydroxyl ion concentration, 
and the ease with which the hair could be removed tested at intervals. The 
extent to which the hair was loosened increased with hydroxyl ion concentra­
tion ; at the lower values it was still tight at the end of six days, whilst at the 
highest concentrations it could be readily removed after 48 hr. There was a 
fairly sharp increase in the rate of unhairing between concentrations of 17 
and 36 mg. equiv. per litre, unhairing being complete in half the time at the 
higher concentration. It was also noted that a much cleaner grain was obtained 
when the hydroxyl ion concentration was high.
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The question of the mechanical removal of the hair as well as the chemical 
action of the liquor on the hair must be considered in unhairing. The hair 
root is the part most vulnerable to attack by sulphides and other unliairing 
agents^. I f  the skin is swollen the neck of the hair follicle is constricted, and 
although the hair root may be loosened, it cannot readily be pulled out, more 
drastic chemical action is, therefore, required in order to pulp the hair root,
TABLE I.
T h e  E p e e c t : O F  (0 H “ ) O N  U n h a i r i n g .
E x p e r i m e n t  I.
pH  a t 20°C .. 11-44 11-77 12-45 12-89
(OH ) mg. eq. per litre 2 4 19 52
U n h a i r i n g  A f t e r . 
24 hours + + 4-4- +  4- +  +
48 ,, ... ... . + + + +  + + + + + + +
56 ,, ... ... . +  + 4-4-4- -h-h +  + +  +  -H4- +
80 ....................................... +  + +  + + -I4- +  +  + +  -H4--h4-
E x p e r i m e n t  II.
pH  a t 20°C .. 11-85 12-11 12-40 12-72
(OH ) mg. eq. per litre . 5 9 17 36
U n h a i r i n g  A f t e r .
20 hours +  + + + 4--H + +  4-
44 ,, ... ... . -  +  +  + 4- + + +  +  + +  + +  +
72 , ,  . . .  . . .  . 4-4-4- + + +  + 4- 4- -f + +  + +  +  +
06 ,, ... ... .-  +4- + + +  +  + +  +  +  + + 4- +  +  +  +
and so allow it to be removed. Under such conditions the hair may be 
weakened at the sm fa ce, and under the action of the unhairing machine may 
break off, leaving the degraded hair root in the skin. The optimum con­
ditions for removal of the hair roots are, therefore, a mild action on the hair 
combined with the minimum amount of swelling.
Chemical Action on the Collagen.
In order that the hair may be removed in a reasonable time, compara­
tively high concentrations of alkali are necessary, and under such conditions 
the coUagen may be affected. N ot only does the collagen combine with alkali, 
but modification of certain of the reactive groups may take place.
It has been suggested at various times that the following changes may take 
place :—
(1) Hydi’olysis of amide groups with the production of ammonia’» ®^» ®®>
(2) Modification of guanidino groups®®» ®^ .;
(3) Destruction of the hydroxy amino acids serine and threonine®® ;
(4) Hydrolysis of peptide groups of the main polypeptide chains.
Marriott®  ^has demonstrated loss of amide groups when collagen is treated 
with alkaU, and he^ » ’» ®^ and numerous workers®®» ®®» ®®» ®’ report the produc­
tion of ammonia.
HeUermann and Stock®®, and Warner®®, have shown that the following 
reactions take place when arginine is treated with alkali and it is possible that 
similar reactions occur with the arginine residues in the intact protein ;
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HgN N H ,
7> 'cH . (CHJj.NHa+O :
/ /  \
/  HOOC NHg
HgN NH /  ornithine urea
\  y
CH . (CHg),. N H  . C
HOOC^ \ n g  \  '
arginine \  HgN O
\  \  /
\ j  CH . (CHg)g. N H  . C + N H ,
/  \
HOOC NHg
citrilline
In sujiport of this, Highberger and Stecker®® have shown that urea is formed 
when collagen is treated with alkali.
Nicolet, Skinn and Saidle®® have shown that treatment in boiling deci- 
normal alkali for 1-2 hr. causes considerable destruction of the hydroxyammo 
acids in sillc, and it is possible that a similar reaction may occur to some extent 
in the cold over long periods of time.
There is little information regarding the extent to which hydrolysis of 
peptide links occurs under the conditions of liming. When the concentra­
tion of alkali is high, appreciable amounts of coUagen may be dissolved, but 
under the eonditions usually met with in practice this is probably very smaU.
Thus, although a considerable amount of work has been done on the effect of
alkalis on coUagen, the evidence is on the whole, qualitative rather than quanti­
tative. Further each worker has dealt with only one or two of the possible 
changes which may occur, and only in one instance has a coUagen been used 
which has had no previous alkaline or enzyme treatment®^. It was considered 
desirable, therefore, to carry out an experiment in which both the changes in 
the protein and the soluble decomposition products were considered in some 
detail® .^ Ox hide coUagen, which had received no previous chemieal treat­
ment, other than washing with 10% sodium chloride to remove interfibriUary 
proteins and degreasing in Ught petroleum, was treated in a solution of calcium 
and sodium hydroxides (initial pH 13.3 and final pH 13.0 at 20°C.) for 14 days 
at 20°C., and the treated coUagen and the solution analysed. (See Table II.) 
Some of the data given was obtained direct from analysis, whUe some was 
deduced from consideration of the titration curves of the coUagen before and 
after treatment.
The chief reaction occurring was hydrolysis of amide groups with produc­
tion of an equivalent amount of ammonia. About half the amide groups were 
hydrolysed, but on longer treatment under the same conditions a further 0.08 
millimoles per g. were lost, and it seems probable that all the amide groups 
would be lost if  the treatment were sufficiently prolonged. In an independent 
experiment it was found that the amide nitrogen of sheepskin coUagen was 
reduced from 0.35 to 0.22 and 0.12 miUimoles per g. respectively by treatment 
for three days at pH 13.4 and 13.7. Thus hydrolysis of amide groups increases ^  
with pH and time of treatment, a conclusion essentially the same as that 
reached by Highberger and Stecker from consideration of the ammonia produced.
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A small amount of arginine was lost during the treatment and an approxi­
mately equivalent amount of urea was found in the solution. Thus it seems
TABLE II.
A N A L Y S IS  O P  A l k a l i - T r e a t k d  C o l l a o k n . 
Collagen
Alkali Solution
U ntreated treated
F r o m  A n a l y s i s  :
Total-N  % 18-6 18 2 T otal-N  mg./g. 9 0
A m ide-N ... ... mmols./g. 0 47 0 22 Ammonia-N mmols./g. 0 25
Amino-N ... „ 0  3 3 0 30 Amino-N mg./g. 4 3
Arginine ... ... „ 0-48 0 40 Urea mmols./g. 0 02
Periodate-NHg ... „ 0-60 0 58
F r o m  T i t r a t i o n  C u r v e  :
Total basic groups „ 0-90 0 90
Dicarboxylic acids „ 1 32 1 20
a  amino +  imino „ 0 02 0 08
probable that the reaction leading to the formation of amino groups pre­
dominates over that leading to the production of citrulline residues. The 
treated collagen gave a faintly positive test for citrulline by Fearon’s test®®, 
whereas the original collagen did not, indicating that a small fraction of the 
arginine had been converted to citrulline. There was no significant decrease 
in the hydroxyamino acid content of the treated collagen.
There was a small increase in the free amino-nitrogen of the collagen 
from 0.33 to 0.36 millimoles per g. and a larger increase, 0.06 millimoles per g., 
in the total number of basic groups. The increase in free amino-groups can 
largely be accoimted for by the production of ornithine from arginine, and 
there can be little, if  any, hydiolysis of peptide groups mvolving amino groups. 
It is probable that the increase in total basic groups is due to hydrolysis of 
peptide groups involving the imino group of prolme or hydroxyproline ; if 
this is so, it suggests that such peptide links are more susceptible to the action 
of alkali than those involving amino groups.
Although there is only a small increase in the number of terminal basic 
groups in the alkali-treated coUagen, about 5 % of the collagen was dissolved, 
and the amount of nitrogen in solution was considerably in excess of that due 
to the ammonia and urea. The high value for the amino-nitrogen of the 
solution suggests that this nitrogen was present as amino acids or smaU peptides. 
The lower dicarboxylic acid content of the treated collagen compared with 
that of the original coUagen suggests that the fraction dissolved may be rich 
in the dicarboxyUc acids.
The total nitrogen, amide-nitrogen and amino-nitrogen of a number of 
commercially limed pelts were determined, to see how these quantities varied 
in practice®!. (Table III.) The total nitrogen content of all the samples was 
lower than that of the untreated ox hide coUagen, that of the limed ox hides 
being about 18.1% and that of the sheepskins about 17.3%. The lower value ' 
for the sheepskins cannot be accounted for by loss of nitrogen from amide or 
guanidino groups, and suggests that their original composition may be different 
from that of ox hides. In this connection it may be noted that the factor 6,62
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used in the conversion of nitrogen to hide substance in leather analysis corres­
ponds to a nitrogen content of 17.7%, and hence in general does not give an 
exact figure for the collagen content®®. The amide-nitrogen values of the 
ox hides and calf skins indicates that there has been little loss during liming. 
The values for the sheep skins are somewhat lower ; this may be due to greater 
loss during processing or possibly to a lower original content. The values for 
the amino-nitrogen are little greater, and in some cases less, than that of the 
original untreated ox hide collagen and indicate that there can be little breaking 
of peptide links during liming.
TABLE III.
T o t a l  N i t r o g e n , A m i d e - N i t r o g e n  a n d  A m i n o - N i t r o g e n  o f  s o m e  
C o m m e r c i a l l y  L i m e d  P e l t s .
(All results expressed on Moisture and Ash-free Collagen)
Total Amide Nitrogen Amino Nitrogen
■ Pelt Nitrogen % % mmols./g. % mmols./g.
Ox Hide Collagen—
no Alkaline Treatm ent 18-6 0-66 0-47 0-46 0-33
Sheep Skins A ... 17 3 0-42 0-30 — —
B ............... 17 1 0-42 0-30 0-59 0-42
C ............... 17 2 0-35 0-25 0-50 0-36
. D ............... 17 4 0-50 0-36 0-45 ' 0-32
E .............. . 17 3 0-49 0-35 0-49 0-35
Calf Skins 1 18 2 0-56 0-40 — —
2 ............... 18 2 0-52 0-37 — —
3 ................ 18 0 0-55 0-39 0-42 0-30
Ox Hide I 18 1 0-66 0-47 0-46 0-33
2 ............... 18 1 0-42 0-30 0-45 0-32
3 ............... 18-3 0-46 0-33 0-48 0-34
4 ............... 18-1 0-57 0-41 0-42 0-30
From the above discussion it may be concluded that chemical modifica­
tion of the collagen during liming is comparatively small, hydrolysis of amide 
groups being the only reaction occurring to an appreciable extent, but that at 
pH values above 13.0 appreciable amounts of collagen may be dissolved. 
The physical changes taking place are probably of greater importance. Com­
parison of the swelling curves of the original and the alkali-treated collagen 
(Fig. 1) shows that the alkaline treatment has appreciably increased the water 
uptake at all pH values. These differences cannot be accounted for by changes 
in the reactive groups, but must be due to physical changes in the collagen.
The Swelling of Collagen in Alkaline Solutions.
When collagen is placed in alkaline solutions it reacts with hydroxyl ions :
N H 3+
P
\ o o -
N H ,
+ N aO H  — p /
\ o O “ Na^
+ H 3O
It then carries a negative charge, and because of this cations, in the 
above case sodium ions, become associated with it ; this leads to a higher
183
6 0 0 -
z
W
5 0 0
8
ô>
O 4 0 0  O
& 'n a t i v e *  c o l l a g e n
o  ALKALI TREATED COLLAGE
<£ 2 0 0
teui
«C^ 100-
FINAL pH.
F i g , 1.
AVator Ujjtako of “ N ative ” and Al kali-treated Collagen.
concentration of sodmm ions inside the protein fibre than intlte external solu­
tion, and owing to the Donnan effect, what may be termed a swelling pressure 
is set up, water passes into the fibre in order to equalise the concentration, and 
the fibre swells. (For a full discussion of the Donnan Theory as applied to the 
swelling of proteins, see Bolam®* and Wilson ®®.)
The amount of water taken up depends not only on the swelling pressure 
but on the forces opposing this pressure and the entry of water into the collagen. 
These may be referred to as the cohesion of the collagen, and include structural 
features such as the interweaving of the fibres, reticular sheaths round the 
fibres, and chemical forces holding the long polypeptide chains together. The 
importance of structural features and the mechanical effect of the interweaving 
of the fibres in restricting swelling is shown by comparing the amount of water 
taken up by ox hide, and sheep skin collagen under the same conditions. 
(Fig. 2.) Single ox hide fibres, which are free from any restrictions due to 
interweaving, would take up considerably more water ; at pH2 the water 
uptake of such fibres would be of the order of 2000%.
According to the Donnan theory, the water uptake should increase as the 
pH rises or falls from the isoelectric point, reaching a maximum at about pH  
12 and 2, and then decreasing again as the pH is further increased or decreased. 
In hydrochloric acid solutions this in fact does take place, (Fig. 3.) On the 
alkaline side of the isoelectric point, however, the water uptake increases from 
the isoelectric point to about 11.5, increases less rapidly between pH 11.5 and 
13.0, and then increases very sharply with further rise in pH®®. This increase 
in water uptake at high pH values cannot be explained on the basis of liberation 
of new groups which combine with alkali, and from consideration of the curve 
in relation to the Donnan theory of membrane equilibria it can be shown that 
the swelling pressure must start to decrease at pH values above about 12. It 
may be concluded, therefore, that the increase in water uptake at high pH
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values is due to a decrease in the cohesion of the collagen, so allowing it to take 
up more water. Calculation also shows that the uptake of water at pH 12 is 
greater than would be expected from the amount of base bound, so that some 
decrease in cohesion occurs even at this pH value. A study of the water 
uptake with other strong bases indicates that this effect on cohesion is due to 
the hydroxyl ion and not to any specific effect of the sodium ion.®’.
The addition of sodium chloride does not decrease the water uptake in 
aUcaline solutions to the same extent as in acid solutions ; 0.2M sodium chloride 
decreases water uptake in accordance with theory, but higher concentrations 
have little further effect. (Fig. 3.) It is concluded that sodium chloride also 
decreases cohesion and other salts will presumably have a similar effect.
The water uptake from solutions of calcium hydroxide is much less than 
from sodium hydroxide solutions®®. (Fig. 4.) Since the calcium ion is divalent 
there will only be half as many calcium ions as sodium ions associated with the 
collagen, and consequently the sweUiug pressure should only be about half that 
in sodium hydroxide solutions of the same pH value. The water uptake, 
however, is found to be much less than corresponds to this lower swelling 
pressure. There is evidence that calcium combines with proteins®® ; if  this 
is the case with collagen, then those calcium ions which are combined will no 
longer be able to play a part in developing a swelling pressure, so accounting 
for the low water uptake. The addition of calcium chloride to calcium hydro­
xide solutions does not decrease the water uptake, but progressively increases 
it as the concentration increases (Fig. 4). The addition of a salt, by decreasing 
the difference in concentration between the protein phase and the external 
solution, must decrease the swelling pressure, hence the increase of water 
uptake due to the addition of calcium chloride must be ascribed to decrease in 
cohesion. The calcium ion appears to have a comparatively large effect in this 
respect.
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It is interesting to consider the effect on swelling of the addition of sodium 
chloride to a solution of calcium hydroxide®®. The addition of the m onovalent, 
sodium ion will tend to increase the swelling pressure, the addition of the salt 
will tend to decrease it, and at concentrations above Q.2M  effects on cohesion 
may be expected. Experimentally the swelling curves shown in Fig. 5 are 
obtained. The water uptake increases as the sodium chloride concentration 
increases from 0 to 0.0t5Jf (0.3%), remains approximately constant as the 
concentration is further increased to 0.5M  (3%) and at still higher concentra­
tions [2M ) decreases again.
These results may be interpreted as follows :—At low concentrations the 
effect of thé sodium ion on the swelling pressure is predominant, and the 
swelling pressure increases and reaches its maximum value somewhere about 
0.05Jf ; the effect of the salt in decreasing swelling pressure then becomes 
apparent and the two effects, that of the sodium ion in increasing swelling and 
that of the salt in decreasing it, balance one another and the water uptake 
remains constant. 'At concentrations above 0 . 2 ( 1 . 2 % )  some effect on 
cohesion may also be expected and this will also help to balance the effect of 
the salt in decreasing the swelling pressure and so keep the water uptake 
constant. Other sodium salts will have the same effect on water uptake as
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sodium chloride at equivalent concentrations, but may in addition have other 
effects, such as increasing the (0H ~) as, for example, sodium sulphide.
Although the water uptake is the same over a wide range of salt con­
centration, the effect on the collagen is not necessarily the same ; at low salt 
concentrations the water uptake is mainly due to an increase in swelling 
pressure while at high concentrations it is mainly due to a decrease in cohesion.
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Tlie decrease in cohesion occurring in alkaline solutions may be due to 
alteration in structural features such as the breaking of reticular or other 
sheaths around the fibres and fibre bundles, loosening of the fibre weave, etc., 
or to the breaking of intermolecular forces holding the polypeptide chains 
together. Comparison of the swelling curves of collagen and gelatin-'^ ® suggests 
that both factors play a part, but that at high pH values breaking of inter­
molecular links is the predominant cause of the decrease in cohesion.
C o h e s i o n
further decreased
F ig. 6.
U iagram atic  R epresen tation  of th e  Decrease in  Cohesion o f Collagen 
F ibres in  A lkaline Solutions.
Representing the long poljqieptide chains from which collagen is built up 
as shown in Fig. 6, and assuming that they are held together by intermolecular 
forces along the chain, one can imagine that the breaking of these bonds would 
allow more swelling to take place and that if this swelling is extensive it may 
lead to permanent alterations in the molecular arrangement. I f  the decrease 
in cohesion is small it is reasonable to believe that on removal of the water the 
polypeptide chains will come back more or less to their original positions. I f  the 
decrease in cohesion is great, however, the chains will become permanently 
displaced, and in the extreme case will separate altogether, and the coUagen 
go into solution as gelatin. The greater swelling of the alkaU-treated collagen 
compared with that of the original untreated collagen (Fig. 1) shows that the 
alkaline treatment has caused some permanent alteration in the cohesion of 
the collagen.
Conclusion.
In addition to the removal of the hair or wool, liming involves both chemical 
and physical action on the collagen. The amount of chemical modification 
which will occur under the usual conditions of liming is small, and the changes 
leading to physical modification of the collagen are probably the more important.
The chief factors determining the extent to which the above effects may 
occur are the hydroxyl ion concentration, the sodium and calcium ion concen­
trations, and the salt concentration of the liquor, and it is of interest to see how 
these concentrations vary in practice. Values for the composition of lime 
liquors from various processes are given in Table IV. C is typical of a flat 
liming process for hides, in which the (0H ~) is higher and the sodium chloride 
concentration lower than the average, and E represents the other extreme.
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TABLE IV.
A n a l y s i s  o f  L i m e  L i q u o r s .
( 0 H “ ) S u lp h id e S o d iu m C h lorid e
ProcosH m g . e q . p er g .N a^ S m g . eq . per e x p r e s s e d  a s
litre . p er  100 cc. litre g .N a C l per
H id e s . » 100 cc.
F la t  L im in g . C 3 0 -3 9 0 0 2 -0  11 9 0 -1 4 5 0 - 0 3 - 0 - 8 5
E 2 0 -2 9 0 0 5 - 0  13 1 8 5 -5 3 5 1 - 0 0 - 3 - 0 0
y  u sp en a io u  L im in g  .. . C 2 8 -3 0 0 - 0 1 - 0 - 0 0 8 -7 5 0 - 0 1 - 0 - 0 0
E 1 7 -2 4 0 - 0 3 - 0 - 1 0 3 3 5 -7 7 0 1 -9  - 4 - 5
D r u m  L im in g . 1 2 8 -4 8 0 - 1 9 - 0 - 3 9 4 5 -1 5 5 0 - 3  - 0 - 4
2 3 0 -5 5 0 - 2 1 - 0 - 8 0 2 5 -5 2 2 - 0
3 2 3 -3 2 0 - 2 1 - 0 - 8 8 1 5 -4 3 3 - 3  '
C a lf y k in s  ... . 1 2 4 -0 8 0 - 2 0 - 0 - 0 9 - 1 0 0 -2 1 0 0 - 2 0 - 0 - 3 8
2 1 9 -3 0 0 - 2 0 - 0 - 7 1 5 0 -1 2 5 0 - 3 0 - 0 - 4 0
G o a t S k in s  . .. . 1 120 , 2 -7 0 550
2 34 2 -7 0 345 —
P a in t s . 1 850 0 -7 1710
2 25 0 -8 87 ------
3 25 7 -1 — ------
Figures for the suspension liming processes in the same tanneries are also given. 
Again C is typical of a process with a high (0H ~), and E of a process with a 
low (0H ~). In none of these processes is the (0H ~) high enough to have any 
marked effect on cohesion, or to cause any appreciable loss of hide substance.
The sulphide concentration in all four processes is comparatively low and the 
chief source of sodium ions and salts will be sodium chloride carried in with the 
hides. Salts, other than sodium salts will be negligible and the sodium ion 
concentration may be regarded as a measure of the salts concentration of the 
liquors. In the C processes, the concentration of sodium salts is low and their 
predommant effect will be to increase the swellmg pressure, while in the E 
processes the salt concentration is sufficiently high to have an appreciable 
effect on cohesion. In general it is found that in most pit liming processes the 
sodium ion concentration of the new liquor is sufficient to give the maximum 
swelling pressure, while in the old liquors the concentration is generally high 
enough to cause some decrease in cohesion. I t  has been observed that sphtting 
up of the fibres of the limed pelt, which is an indication of decrease in cohesion, 
increases as the sodium chloride concentration of the old lime liquor increases. 
In the pit liming of hides it is probable that the sodium ion concentration of the 
new liquor should be between 0.2 and 0.6% and that of the old lime should not 
exceed 2%.
The (0H ~) of the dium hming processes are not excessively high and their 
salt concentrations are of the same order as the pit liming processes.
The two sets of values for calf skins and goatskins are from experiments on 
the use of sodium hydrosulphide in liming. The first figures in each case are 
for the processes using sodium sulphide, and the (0H ~) is considerably higher 
than that of saturated lime (34 mg. equivalent per litre). The second figures 
are for similar liquors in which the sodium sulphide was substituted by an 
equivalent amount of sodium hydrosulphide. The (0 H “ ) is much lower. The 
hydroxyl ion concentration of the liquor from the goatskin process is probably
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higher than is usually desirable. It is suggested that the (0H ~) should not
exceed 100 mg. eq. per litre if  loss of hide substance and excessive decrease in
cohesion is to be avoided. In any case, it is obvious that control will be 
difficult in the range where the water uptake increases rapidly with (0 H “ ).
Thanks are due to the Council of the British Leather Manufacturers 
Research Association for permission to publish this paper.
British Leather Manufacturers' Research Association,
1-6, Nelson Square, London. S .E .l.
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{ R c y v i i t l e d  j m i n  N a tu r e ,  V o l .  168 , p .  5 1 4 , S e p te i i ih e r  22 ,  1951 ) - '
Free Amino, Groups of Collagen
 ^ U s i n g  th e  techn ique o rig ina ted  b y  Sanger^ for th e
d e te rm in a tio n  o f end-groups in  p ro te in s  by  reaction  
w ith  d in itrofluorbenzene, no  free a-am ino- or im ino- - 
V grou^DS have  been  d e tec ted  in  ox h ide collagen*, even
w hen th e  eq u iv a len t o f 2 -3  gm . d in itrophenyl- 
collagen w as p laced  on th e  silica gel colum ns. *
A fte r h ea tin g  in  w a te r a t  70° C., a n d  tre a tin g  w ith  
' ' a lkali, or u rea , a  sm all n u m b er o f a-am ino groups
-w ere found .
Since collagen con ta in s a  considerable am o u n t of 
I . \ p ro line, th e  d in itropheny l d e riva tive  o f w hich is
' ' ■ un stab le  to  acid  hydrolysis, special efforts w ere m ade
to  d e tec t th is  deriva tive . R ecovery  of d in itrophenyl- 
' p ro line added  to  collagen, an d  from  salm ine tre a te d
w ith  d in itrofluorbenzene, ind ica tes th a t  proline w ould 
~ ' h av e  d e tec ted  i t  i f  i t  h a d  been p resen t to  th e  e x te n t
o f one  end-group  p e r u n it  o f 1,500,000.
F a ilu re  to  d e tec t a n  end-group  in  collagen suggests 
th ree  possib ilities : (1) th a t  th e  m olecular w eight is 
v e ry  large—grea te r th a n  1,500,000 if  p ro line is an  '
' , end-gi'oup, an d  o f th e  o rder ' o f 2 ,000,000  or m ore if
, som e o th e r am ino-acid  form s th e  te rm ina l g roup  ; -
(2) th a t  th e  m olecule has a  cyclic s tru c tu re  ; or (3)
, th a t  th e  end-group  is inaccessible to  d in itro fluo r-
' ' benzene, or is m asked  in  som e w ay  by  com bination
w ith  som e o th e r g roup , or w ith  ca rb o h y d ra te . T here  - 
is insufficient evidence availab le  a t  p re sen t to  in- 
, d ica te  w hich, if  any , o f these  hypo theses is co rrec t ;
b u t  th e  follow ing observations m ay  be m ade. A verage 
m olecu lar w eights of up  to  250,000 h,ave been  rep o rted  
^  ' fo r gelatin® ; i t  is Im own th a t  a  sm all n u m b er of
p ep tid e  bonds a re  b ro k en  in  th e  conversion o f '  >
collagen to  gela tin , hence th e  m olecular w eigh t o f .
'  \  collagen m ig h t well be several tim es th is  figiue.
T here  is only  a  sm all a m o u n t o f c a rb o h y d ra te  in  
collagen ; b u t  i t  is p erhaps of in te re s t to  n o te  th a t  th e  
a m o u n t o f chond ro itin  su lp h a te  es tim a ted  to  be 
, . p resen t in  th is  collagen from  its  hexosam ine co n ten t
/ an d  th e  'in te n s ity  o f spo ts due to  glucosam ine an d  
'' ^ chondrosam ine on p ap e r chrom atogram s* corresponds ^
ap p ro x im ate ly  to  one m olecule o f  chond ro itin  su lp h a te  
p e r u n it  o f  80,000, th a t  is, in  rough ly  tw ice th e  
m in im um  m olecular w eigh t (39,000) ca lcu la ted  from  ^
th e  am ino-acid comjiosition*. , _ . /
l i i  m odified collagens, various end-groups w ere 
de tec ted  in  sm all am o u n ts  (see tab le ). W ith  alkali- 
tre a te d  collagen, th e  sm all n u m b er o f end-groups • /
found  does n o t rep resen t th e  to ta l  n u m b er o f pep tid e
I H
Reactivity of
a-Ainino groups lysine e-aniino
groups witli
Weight dinitrolluoi-
(in.niiil./lOO gm.) (containing iienxene,
oiKc residue (m.mol./loo gm.)
C!o]Iageii No end-group detected i ;
.i tknli-trmtt'd
rollat/en
Asparfcio acid • 0-07 1,400,000
Glutamic acid 0 17 000,000
Glycine 0-42 210,000 17
riiciiylalanine 0 04 2,500,000
CoUagen d is­
solved in
form ic acid
Aspartic acid n 43 230,000
Glutamic acid Ol.'i 700,000
Glycine 0-65 150,000
Alanine 0 30 .330,000
Urea-trected
coUagen
Aspartic acid 0 0 7 1,400,000 . —L
H eat-slirunk
collagen
Aspartic acid 0 15 700,000
Glutamic acid, 0 03 3,300,000 15
(approx.)
Gelatin
(cmnniercial)
Aspartic acid 0-2S 350,000
Glutamic acid 0 12 830,000 '' 17
Glycine 0 57 180,000
' Threonine 0 1 4 710,000
Lysine content of collagen ; 31 ra.mol./lOO gm.
bonds broken , since ab o u t 5 p e r cen t of th e  collagen 
w as solubilized during  th e  tre a tm e n t, som e as sm all 
pep tid es an d  som e as com parative ly  large units®. 
These frac tions a re  now  being exam ined. D ispersion 
in  form ic ac id  h as  o ften  been  used  as a  m ethod  
o f o b ta in ing  ‘soluble collagen’. T he d in itro p h en y l 
d eriv a tiv e  of collagen tr e a te d  w ith  form ic ac id  w as 
soluble an d  resem bled d in itropheny l-gela tin  ra th e r  
th a n  th e  o th e r m odified collagens.
A spartic  an d  g lu tam ic  acids w ere frequen tly  
found  as end-groups o f m odified collagen, an d  i t  
w ould  ap p ea r th a t  th e  p ep tid e  bonds involv ing  th e  
am ino  groups of these  acids a re  p a rtic u la rly  labile. 
Partridge® ’* h as  also found  th a t  these  acids are  
p re fe ren tia lly  lib e ra ted  in  th e  p a r tia l hydro lysis o f a  
n u m b er o f p ro te in s w ith  w eak  acids.
T he am o u n ts  o f s-d in itrophenyl-lysine iso la ted  
from  all th e  collagens w ere app rec iab ly  less th a n  
th e  am o u n ts  corresponding  to  th e ir  lysine co n ten ts  
(see tab le ). E v e n  in  gela tm , only  a b o u t h a lf  th e  
E-amino groups o f lysine reac ted  w ith  d in itro fluo r­
benzene. D in itropheny l-hyd roxy ly sine  w as also 
d e tec ted  ; evidence suggests th a t  som e o f th e  sido- 
chain  am ino  groups o f th is  am ino-acid  w ere also 
u n reac tiv e  to  d in itrofluorbenzene. Porter® also foimd 
th a t  th e  s-am ino groups o f a  nu m b er o f Soluble
p ro te in s d id  n o t re a c t w ith  d in itrofluorbenzene, b u t 
th a t  a fte r  d é n a tu ra tio n  all becam e availab le . This 
is n o t so w ith  collagen, an d  th e re  is som e evidence 
th a t  h e a t d é n a tu ra tio n  ac tu a lly  causes a  slight 
(locroase in th e  nu m b er o f  s-am ino groups reacting. 
W ith  soluble p ro te in s, d é n a tu ra tio n  is generally  con­
sidered  to  cause unfo ld ing  o f th e  po lypep tide  chains. 
(Jollagen is a lready  in  th e  ex tended  form , an d  h ea t 
d é n a tu ra tio n , w hich causes considerable shrinkage, 
p ro b ab ly  involves fo ld ing o f th e  chains, w hich  m ay  
decrease th e  av a ilab ility  o f am ino groups.
W e w ish to  th a n k  th e  Council of th e  B ritish  L eather 
M anufac tu re rs’ R esearch  A ssociation  for perm ission 
to  pub lish  th is  com m unication .
J .  H . '  B o w e s  
J .  A. M oss
B ritish  L ea th e r M anufac tu re rs’ /  .
R esearch  A ssociation,
M ilton  P a rk , '  ■ \  '
E gham , Surrey .
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' Sanger, Biochem. J ., 39, 507 (] 945)
* Howes and K.euten, Biochem. J ., 43, 358 (1948). , - 
•Pouradier and Venet, J . Chim. Phys., 47, 11 (1950).
* Bowes and Cave (unpublished work in these Laboratories).
‘ Bowes and Kentcn, Biochem. J ., 43, 365 (1948).
‘ Partridge and Davies, Nature, 165, 62 (1950).
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The Reaction of Fluorodinitrobenzene with the 
a- and E-Amino Groups of Collagen
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T he techn ique developed b y  Sanger (1945) fo r th e  
de te rm in a tio n  o f free am ino groups in  p ro te in s has 
been  app lied  to  collagen an d  procollagen w ith  th e  
o b jec t o f gain ing in fo rm ation  ab o u t th e  fo rm  an d  
size o f th e  m olecule. So fa r th is  tech n iq u e  h as  only 
been  app lied  to  a  few  o f th e  insoluble p ro te in s : 
wool k e ra tin , m yosin  a n d  tropom yosin . I n  k e ra tin  
a  com para tive ly  large n u m b er o f te rm in a l am ino 
groups w ere de tec ted  suggesting  th a t  th e  m olecule 
consists o f a  re la tiv e ly  large n u m b er o f po lypep tide  
chains (M iddlebrook, 1951; B lackbu rn , 1949). W ith  
m yosin  an d  tropom yosin , how ever, B a iley  (1951) 
w as unab le  to  d e tec t th e  presence o f a n y  te rm in a l
am ino groups a n d  suggested  th e  possib ility  o f a  
cyclic m olecule.
T he evidence availab le  on  th e  s tru c tu re  o f co l­
lagen from  X -ra y  an d  e lec tron  m icroscope observa­
tions has  recen tly  been  rev iew ed  b y  B ear (1952). T h e  
fibrils are  considered to  be fo rm ed  o f regu larly  coiled 
po lypep tide  chains a rranged  rough ly  p ara lle l to  one 
ano ther, w ith  regions o f sim ilar chem ical s tru c tu re  
m atch in g  tran sverse ly . Collagen con ta ins no  
cystine an d  th e re  is no  evidence fo r a n y  covalen t 
cross-linkages betw een  th e  chains, suggesting th a t ,  
in  c o n tra s t to  k e ra tin , th e  m olecule m a y  consist o f 
a  single po lypep tide  chain . P au lin g  & Corey (1951),
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how ever, have  proposed a  s tru c tu re  in w liich th e  
m olecule is considered to  be form ed o f th ree  p o ly ­
p ep tide  chains, each coiled in to  a  helix an d  jo ined  to  
one an o th e r b y  hydrogen  bonds.
P o rte r  (1948) h as  found th a t ,  w ith  certa in  
a lbum ins an d  globulins, n o t all th e  e-am ino groups 
re a c t w ith  1 -fiuoro-2:4-dinitrobenzene (FD N B ) 
unless th e  p ro te in  is first den a tu red . W ith  a  fibrous 
p ro te in  such as collagen an y  steric  fac to rs affecting 
th e  re a c tiv ity  o f such groups a re  likely to  be m ore 
pronounced  an d  th e  no n -reac tiv ity  m ay  also ex tend  
to  te rm in a l « -am ino groups.
T he effect of various tre a tm e n ts  on th e  reac tiv ity  
o f th e  e-am ino groups in  collagen tow ards F D N B  
an d  on th e  hbera tio n  o f a-am ino groups has, th e re ­
fore, also been  considered.
A  p re lim inary  accoun t o f th e  w ork described in  
th is  p ap e r w as g iven a t  th e  Second In te rn a tio n a l 
Congress o f B iochem istry , P aris , 1962.
M A T ER IA L S
Collagen was prepared from the middle layer of ox hide as 
described by Bowes & Kenten (1948 a).
Procollagen was prepared from fresh calf skin as de­
scribed by Orekhovich, Tustanovskii, Orekhovich & 
Plotinkova (1948). The calf skin was shaved, cut into small 
pieces and disintegrated in a large Wiley mill (A. Thomas 
Co., Philadelphia, U.S.A.). The mill had to be stopped at 
frequent intervals and the macerated material removed by 
hand. The macerate (1800 g.) was extracted twice with 101. 
0-1 m  sodium phosphate buffer (pH 8 6) to remove albumins 
and globulins, and then three times with 101. 0-12 m sodium 
citrate buffer (pH 3 62). AH extractions were carried out at 
4°. The procoUagen was precipitated from the citrate 
extracts by the addition of NaCl to a final concentration of 
5%  (w/v). The procoUagen was purified by dissolving in 
slightly acidified water (pH 4 0), and dialysing against tap 
water.
M odification o f collagen
Before treatment the coUagen was cut into small pieces, 
of area about 1 cm.®, or ground in a laboratory-model Wiley 
miff to pass a 40-mesh/in. sieve.
Heai ahrinJcage. Pieces of coUagen were heated in water at 
65-68° for 15 min., cooled and dehydrated with acetone.
Urea treatment. Powdered coUagen was immersed in 
8 m  urea for 24 hr. a t laboratory temperature.
Solution in formic acid. Powdered coUagen (9 0 g.) was 
suspended in 500 ml. anhydrous formic acid a t 40°. The 
coUagen sweUed, and after 18 hr. the greater part had dis­
solved. The solution was filtered with aid of Celite 545 and 
Hyflo Super-Cel (Johns-Manville Co., London) and the 
coUagen precipitated by neutralization with 40% (w/v) 
NaOH. During precipitation the solution was cooled in ice 
and stirred continuously. The fibrous precipitate was 
separated and washed with 25 % (v/v) aqueous ethanol. The 
anhydrous formic acid was prepared from the A.R. acid by 
drying over copper sulphate and distilling under reduced 
pressure (Gamer, Saxton & Parker, 1911).
Alkaline treatment. Pieces of coUagen about 0 5 cm.® 
were immersed m a solution of NaOH and Ca(OH), at
pH 13 0  for 14 days at 20° (Bowes & Kenten, 19485). Such 
treatment has been found to dissolve about 5%  of the 
collagen, some as large peptides and some as amino acids and 
small peptides (Bowes & Kenten, 19485).
Treatment with hyaluronidase. Powdered coUagen (6 g.) 
was treated with half a 1000 unit ampoule of Hyalase 
(Bengera, Holmes Chapel, Cheshire) dissolved in 150 ml. 
0 -3 3 m sodium citrate buffer (pH 4  6) for 16 hr. at 37°. 
Another 5 g. sample of coUagen was treated with heat-m- 
activated Hyalase under the same conditions. Hyalase is 
prepared from mammalian testes and may, therefore, be 
expected to act on chondroitin sulphate as well as hyal­
uronic acid (Humphrey, 1946; Mathews, Roseman & 
Dorfman, 1951).
After the enzyme treatment, the collagen was washed by 
décantation with two 100 ml. portions of the citrate buffer 
for 8 and 16 hr., foUowed by two 100 ml. portions of distilled 
water for similar periods. I t  was then filtered off, dehydrated 
with acetone and air-dried.
METHODS
Treatment w ith  fluoro-iA-diniirobenzene
Amounts of powdered coUagen varying from 1 to 10 g. were 
treated with FDNB as described by Sanger (1945). For 
example, 10 g. coUagen, suspended in 75 ml. sat. aqueous 
NaHCOj and 150 ml. ethanol, were treated with 8 ml. 
FDNB in a stoppered flask at room temperature. The time of 
treatment was usually 3 days, but in some cases was extended 
to 2 or 3 weeks. At the end of the treatment the reaction 
mixture was decanted off and the coUagen thoroughly 
washed, first with water, then with ethanol and finaUy with 
ether. I t  was then air-dried.
Removal of soluble yeUow material, presumably dini- 
trophenols, etc., by washing with ethanol was very slow, and 
in later experiments the DNP-protein was Soxhlet-extracted 
with ethanol for 16 hr. This was found to remove dinitro- 
phenols almost completely.
The dinitrophenyl (DNP) derivatives of gelatin and 
formic acid-treated coUagen were soluble in water and were 
not readUy precipitated by ethanol or acetone. The reaction 
mixture was neutralized, extracted with ether, and the 
aqueous layer saturated with (NH^lgSO^. The gummy pre­
cipitates formed were dialysed first against tap water, and 
then against distiUed water for 3 days, and dried in vacuo at 
room temperature.
H ydrolysis, separation and identification  
o f D N P -am ino  acids
Two methods of hydrolysis were used: (1) 12 hr. with 
boiling 6n-HC1 under reflux; (2) 16 hr. in a sealed tube with 
IOn-HCI at 105°. Both gave essentially simUar results. The 
latter method was preferred and used for the majority of the 
experiments since it causes less decomposition of DNP- 
proline and DNP-hydroxyproline. These residues were 
considered to be possible end groups in coUagen. For the 
separation of «-DNP-amino acids, 0 5-1 g. of the DNP- 
protein was usuaUy taken for hydrolysis. Up to 5 g. were 
taken in attempts to detect a terminal residue in collagen. 
The hydrolysate was extracted with ether and the «-DNP- 
amino acids separated on buffered siUca gel columns simUar 
to those described by Middlebrook (1949, 1951). The ether 
extract was first run on a column buffered to pH 6 66
Vol. 5 5 FLUORODINITROBENZENE AND COLLAGEN 737
with phosphate buffer (54 6 g. NaHgPO^, 2HgO +53 7 g. 
Na^HPOj, 12HaO/l.) and developed with ether saturated 
with the same buffer solution; tliis separated glutamic and 
aspartic acids, serine, threonine and glycine. The faster- 
moving DNP-amino acids were then separated on a column 
buffered with the pH 6-66 phosphate buffer and developed 
with CHCI3 containing 3 % (v/v) butanol and saturated with 
the buffer solution. Additional columns, as described by 
Sanger (1945) and Blackburn (1949), were used for further 
separations and confirmation.
For the identification and determination of e-DNP- 
lysine and e-DNP-hydroxylysine smaller amounts (approx. 
10-20 mg. of the DNP-protein) were hydrolysed, the hydro­
lysates were taken to dryness and run on unbuffered silica- 
gel columns using 66% (v/v) ethyl methyl ketone in 
ether, or 30% (v/v) w-butanol in CHCI3 (Sanger, 1945). 
In later experiments Hyflo Super-Cel was substituted for 
silica gel.
The identity of the bands observed was checked by 
running with authentic DNP derivatives, by paper chro­
matography of the DNP-amino acids, and of the free amino 
acids following hydrolysis with saturated Ba(OH)g for 1 hr. 
at 105° (mils, 1950).
The most satisfactory system for the development of 
paper chromatograms of the DNP-amino acids was foimd to 
be n-amyl alcohol shaken with an equal volume of 2 n 
ammonia solution, the organic phase being used for de­
velopment and the aqueous phase for saturation of the 
cabinet.
Recovery o f D N P -am ino  acids
The recovery of DNP-glycine, DNP-proline and e-DNP- 
lysine when added to collagen and hydrolysed in a sealed 
tube for 16 hr. with 10n-H01 at 105° were 50, 20 and 80%, 
respectively. The values for DNP-lysine and DNP-glycine 
were approximately the same as those obtained by Porter & 
Sanger (1948) under the same conditions, and their values 
were used in malting corrections for the decomposition of the 
remainder of the DNP-amino acids.
After hydrolysis for 64 hr. only 38 % of e-DNP-lysine 
added to collagen could be recovered.
D eterm ination o f D N P -am ino  acids
The «-DNP-amino acids were determined colorimetrically 
in 1 % (w/v) NaHCOj solutions and e-DNP-lysine in 0-75 n- 
HCl in 25 % (v/v) aqueous ethanol.
The amount of DNP-amino acid derived from a given 
weight of the original collagen was calculated from the 
weight of the DNP-coUagen taken for hydrolysis, corrected 
for moisture and ash content, for dinitroaniline present, 
and for DNP groups attached to e-amino groups. DNP 
groups attached to terminal amino groups were small in 
number in all cases, and were neglected. The appropriate 
corrections were made for decomposition of the DNP-amino 
acids during hydrolysis.
D eterm ination o f lysine and free am ino nitrogen
Lysine was determined colorimetrically with ninhydrin 
following chromatographic separation on an ion-exchange 
resin (Moore & Stein, 1951).
Free amino nitrogen on the powdered DNP-protein was 
determined by the Van Slyke procedure using a modified 
reaction chamber as described by Doherty & Ogg (1943).
R E S U L T S
Reactivity o f e-amino groups
B o th  6-D N P-lysine an d  e-D N P-hydroxylysine w ere 
identified in  hydro lysa tes o f D N P-collagen  an d  
D N P-procollagen. T he a m o u n t o f e-D N P-lysine 
ob ta ined  from  D N P-collagen w as only  eq u iva len t to  
17 m -moles/100 g. p ro te in , rep resen ting  only a b o u t 
h a lf  th e  lysine co n ten t. P rolonging  th e  tim e  o f 
reaction  w ith  F D N B  to  14 or 21 days d id  n o t in ­
crease th e  am oun ts o f e-D N P-lysine found . W ith  
procollagen a  ra th e r h igher p ro p o rtio n  o f th e  lysine 
w as recovered as th e  D N P  deriva tive . e-D N P- 
hydroxylysine w as n o t de term ined  q u an tita tiv e ly , 
b u t th e  in tensity  of th e  yellow  b an d  due  to  th is  
derivative  suggested th a t  th e  am o u n t p resen t w as 
only equ ivalen t to  ab o u t h a lf  th e  hydroxy lysine  
co n ten t of th e  collagen.
Following th e  observation  o f P o rte r  (1948) th a t  
th e  e-amino groups of som e soluble p ro te in s  do n o t 
all re ac t w ith  F D N B  unless th e  p ro te in  is firs t 
denatu red , th e  possib ility  th a t  som e o f th e  e-am ino 
groups of collagen are  also un reac tiv e  w as in v es ti­
ga ted . T rea tm en t in  8 m u re a  solu tion , in  alkali, 
h ea ting  in  w ate r to  68° or dissolving in  form ic acid  
an d  rep rec ip ita ting  d id  n o t increase th e  am oun ts  o f 
e-D N P-lysine found  a fte r  reac tion  w ith  F D N B , an d  
th e re  w as som e suggestion th a t  h e a t shrinkage 
ac tu a lly  caused a  sligh t decrease (Table 1). E v en  
w ith  gelatin  th ere  w as no increase in  th e  am o u n t o f 
e-D N P-lysine found.
O nly sm all am oun ts o f n itro g en  w ere evolved 
from  all th e  D N P -pro te ins b y  th e  ac tion  o f n itro u s 
acid  in  th e  usual V an Slyke p rocedure, an d  d irec t 
d e te rm ina tion  o f lysine in  D N P -su b s titu ted  p re ­
p a ra tio n s  o f collagen an d  h y a lu ro n id ase -trea ted  
collagen gave values o f only 4 an d  3 m -m oles/100 g. 
respectively . These observations suggested  th a t  
failure to  recover all th e  lysine as th e  e-D N P 
derivative  w as n o t p rim arily  due to  no n -reac tiv ity  
of a  p ropo rtion  of th e  lysine to  F D N B .
T he possib ility  th a t  th e  rem ain ing  lysine w as 
p resen t as «-D N P-lysine, «e-diD N P-lysine o r as 
re s is tan t D N P-lysine pep tides w as n e x t considered. 
N o evidence for th e  presence o f these  w as ob ta ined  
from  th e  colum ns, th e  only  un iden tified  b an d  being 
a  d irty ish  yellow  one ru n n in g  v e ry  slow ly on th e  
e ther-phosphate  buffer colum n, considered to  be 
a  decom position p ro d u c t o f D N P  derivatives. 
U nless a  large nu m b er o f d ifferent pep tides w as 
form ed, re la tive ly  large am o u n ts  w ould  have  to  be 
p resen t to  accoun t fo r 10 m -m oles lysine /100  g. 
p ro te in . E ther-so lub le  D N P -pep tides w ould, th e re ­
fore, a lm ost certa in ly  have  been  d e tec ted  since, in  
som e instances, th e  eq u iv a len t o f 2 -3  g. hydro lysed  
p ro te in  w as ru n  on th e  colum ns. M uch sm aller 
am oun ts w ere used  for th e  ex am in a tio n  o f th e  
aqueous e x tra c t owing to  th e  la rge  am o u n t o f
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c-D N P-lysine p resen t, an d  sm all am o u n ts  of w ater- 
soluble D N P  -peptides m igh t n o t h av e  been  detec ted . 
Increase  in  th e  tim e  o f hydro lysis in  a  sealed tu b e  
w ith  IOn  hydroch loric  acid  a t  105° from  16 to  64 h r. 
caused only  a  sh g h t increase in  th e  e-D N P-lysine 
found  (Table 2). Owing to  th e  ex tensive decom posi­
tio n  o f e-D N P-lysine w hich occurred  during  th is  
longer tim e  of hydrolysis, an d  to  th e  large correction  
fac to r w hich h ad  to  be applied , th is  sligh t increase 
w as n o t considered significant.
Terminal amino groups
In  add ition  to  yellow bands due to  d in itrophenols 
an d  d in itroan iline  (identified b y  m .p .) an d  D N P - 
am ino acids, th e re  w as a  d irty-yellow  m ateria l which 
s tay ed  a t  th e  to p  of th e  e ther-phospha te  buffer 
colum ns, an d  a  p ink ish  b an d  rm m ing  fa s t on all 
colum ns. T he fii'st slow b an d  w as p robab ly  due to  
som e decom position p ro d u c t o f D N P -am ino  acids, 
w hile th e  fa s t b an d  w hich w as ob ta ined  w ith  h y d ro ­
T ab le  1. Free amino groups of collagen and modified collagens
a-Amino groups c-DNP-Iysine found
(m-moles/ Mol.wt. containing (m-moles/ (% of total
100 g.) one residue 100 g.) lysine residue
Collagen* None detected 17 55
Urea-treated
Aspartic acid 007 1 400 000 18 59
Heat-shrunk
Aspartic acid 015 700 0001 15 48Glutamic acid 003 3 300 000)
Alkali-treated
Aspartic acid 007 1 400 000]
Glutamic acid 0 17 600 000 [ 17 55Glycine 042 250 000 1
Phenylalanine 004 2 500 000j
Dissolved in formic acid
Aspartic acid 043 250 000]
Glutamic acid 015 700 000 1 17 55Glycine 065 150 000 f
Alanine 030 350 000;
Treated with hyaluronidase
Aspartic acid 009 1 100 000]
Alanine 016 600 0001 17 55Glycine 012 800 000 I
Threonine 003 3 300 000 J
Gelatin (commercial)
Aspartic acid 028 350 000]
Glutamic acid 0 12 830 000 1 17 55Glycine 057 180 0001
Threonine 014 710 000;
ProcoUagenf
Aspartic acid 006 1 650 0001 17 68Alanine 004 2 500 0001
♦ Lysine content of collagen, 31 m-moles/100 g. t  Lysine content of procoUagen, 25 m-moles/100 j
T ab le  2. Recovery of e-DNP-lysine from  DNP-proteins
m-moles/100 g. DNP-protein
Time of ,
hydrolysis* e-DNP. Free NH.-N Lysine not
DNP-protein (hr.) lysinef Lysine$ (Van Slyke) accounted for
Collagen 16 17 4 6 10
16 17 3 — 11
Alkali-treated collagen 16 17 — — —
64 19 — — . —
Hydrolysis in a sealed tube with IOn-HCI a t 105°.
t  Corrected for decomposition. Recovery of e-DNP-lysine added to collagen and hydrolysed under the same conditions 
■was 80% and 38% after 16 and 64 hr. respectively.
J By method of Moore & Stein (1951).
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ly sates of collagen as well as D N P-collagen w as con­
sidered  to  be  due to  th e  p ro te in  itse lf an d  n o t to  an y  
reaction  p ro d u c t of FD N B . T he e luate  correspond­
ing to  th is  b an d  h ad  a  sm ell of charred  sugar.
Collagen. N o «-D N P-am ino acids w ere de tec ted  
in  hydro lysa tes o f collagen tre a te d  w ith  F D N B , 
even  w hen am oun ts equ iva len t to  2 -3  g. p ro te in  
w ere placed on th e  colum ns. I t  w as estim ated  th a t  
using these  am oun ts m ost am ino acids w ould be 
d e tec ted  if  p resen t as a  tei-minal g roup to  th e  e x te n t 
o f one residue/m ol.w t. 4 or 5 m illion. R ecovery  te s ts  
ind ica ted  th a t  D N P-pro line, w hich is th e  D N P - 
am ino acid  least s tab le  to  hydrolysis, w ould have 
been de tec ted  if  p roline w ere p resen t as a  te rm ina l 
residue to  th e  e x te n t o f one residue/m ol.w t. 
1 500 000.
Procollagen. Sm all am o u n ts  o f D N P -aspartic  
acid  an d  D N P -alan ine  w ere found  in hyd ro ly sa tes of 
D N P-procollagen. I t  is possible th a t  these  sm all 
am o u n ts  arise from  ex traneous m a tte r  an d  do n o t 
rep resen t te rm in a l am ino groups.
M odified collagens. Sm all am oun ts  o f D N P - 
am ino acids w ere de tec ted  in  th e  h yd ro ly sa tes  of th e  
D N P  derivatives o f th e  m odified collagens and  
ge la tin  (see T ab le  1). Owing to  th e  n m n b er of 
correction  facto rs involved an d  th e  sm all am oun ts 
concerned, th e  values given in  T able 1 can  on ly  be 
considered  to  be co rrect to  w ith in  ±  20  %  o f th e  
t ru e  value.
D N P -A spartic  acid  w as found  in  h yd ro ly sa tes  of 
th e  D N P  derivatives o f all th e  m odified collagens 
an d  gelatin . W ith  u rea -tre a ted  collagen th is  w as th e  
on ly  D N P -am ino  acid  found , w ith  h ea t-sh ru n k  
collagen v e ry  sm all am oun ts o f D N P -g lu tam ic  acid 
w ere also found , an d  w ith  a lk a li- trea ted  collagen 
D N P -g lu tam ic  acid, glycine an d  phenylalan ine.
A lanine ap p eared  as a n  end  group  w hen  th e  
m odification  o f th e  collagen involved  tre a tm e n t w ith  
ac id  or sligh tly  ac id  solutions, e.g. so lu tion  in  form ic 
acid  or ex trac tio n  w ith  a  c itra te  buffer a t  p H  4-0 as 
w ith  procollagen.
T he collagen dissolved in  form ic acid  an d  th e  
com m ercial ge la tin  behaved  sim ilarly , th e  D N P  
derivatives w ere soluble an d  th e  D N P -am ino  acids 
found  w ere sim ilar, excep t th a t  D N P -alan ine  w as 
found  in  th e  form ic ac id -trea ted  collagen an d  D N P - 
th reon ine  in  gelatin .
A fte r tre a tm e n t w ith  hyalu ron idase , asp a rtic  
acid, alan ine, glycine an d  a  trace  o f th reon ine  w ere 
found  as te rm in a l residues. N o free «-am ino groups 
w ere found  in  th e  coUagen tr e a te d  w ith  th e  hea t- 
in ac tiv a ted  enzym e u n d e r th e  sam e conditions, an d  
i t  seem s un likely  t h a t  th e  te rm in a l residues found  
could have  arisen  from  th e  hyalu ron idase  itself. I t  
also seem s un likely  th a t  th e  libera tion  o f «-am ino 
groups from  such a  v a rie ty  o f am ino acids can  all be 
due to  rem oval o f po lysaccharide ac tu a lly  com bined 
w ith  these  g roups. I t  is possible th a t  som e h y d ro ­
lysis m ay  have tak en  place d u ring  th e  tre a tm e n t, 
breakdow n of polysaccharide hav in g  increased th e  
suscep tib ility  of th e  pep tide  bonds to  hydrolysis a t  
37°. In  th is connexion Jack so n  (1952) rep o rts  th a t  
tre a tm e n t of tendon  collagen w ith  hyalu ron idase  
increases its solubility  in  d ilu te  acetic  acid.
D ISC U SSIO N
In  study ing  th e  reactions of a  fibrous p ro te in  such as 
collagen i t  is alw ays difficult to  assess w h eth er th e  
reaction  has gone to  com pletion  or n o t. I t  w as 
hoped th a t  com bination  of F D N B  w ith  th e  g-am ino 
groups o f lysine could be used  as an  ind ica tion  of th e  
course of the  reaction . I t  w as found , how ever, th a t , 
a lthough  all th e  e-amino groups a re  free to  reac t 
w ith  n itrous acid (Bowes & K en ten , 1948a), e-D N P- 
lysine equ ivalen t to  only ab o u t h a lf  these  g roups was 
recovered from  th e  D N P -p ro te in s. I t  w as a t  first 
th o u g h t th a t  th is  w as due to  n o n -reac tiv ity  o f a  
p roportion  o f th e  e-am ino groups to w ard s F D N B  as 
observed b y  P o rte r  (1948) a n d  o thers. H ow ever, 
th e  presence of only sm all am o u n ts  o f free lysine in  
th e  hydro lysates o f D NP-coU agen, a n d  th e  sm all 
am oun ts o f n itrogen  evolved b y  n itro u s  acid  in  th e  
V an  Slyke ap p ara tu s  in d ica ted  th a t ,  whUe i t  w as 
possible th a t  a  few o f th e  lysine groups w ere u n ­
reactive , th is  could n o t be th e  only  ex p lan a tio n  o f 
th e  low recovery o f e-D N P-lysine. O u t o f 31 m - 
m oles lysine/100 g. collagen, ap p ro x . 17 w ere 
recovered as e-D N P-lysine (corrected  for decom po­
sition  during  hydrolysis) a n d  3 -4  m -m oles w ere 
found  as unchanged  lysine, leav ing  10-11  m -m oles 
to  be accounted  for (Table 2). N o evidence w as 
ob ta ined  of th e  presence o f «-D N P-lysine, «e- 
diD N P-lysine or o f D N P -lysine  pep tides in  th e  
hydro lysa tes ; increasing th e  tim e  o f hydro lysis d id  
n o t significantly  increase th e  am o u n t o f e-D N P- 
lysine found  an d  no  yeUow b an d s  w hich  m igh t be 
due to  these lysine d erivatives w ere observed on 
a n y  o f th e  süica-gel colum ns. T here  rem ains th e  
possib ility  th a t  e-D N P-lysine is m uch  less s tab le  to  
acid  w hen com bined in  th e  coUagen th a n  w hen 
p resen t as th e  free am ino acid . I n  o th e r p ro te ins 
s tud ied  th e re  has been no  ind ica tion  o f such  d e ­
com position, reasonable  ag reem en t being found  
betw een th e  e-D N P-lysine an d  th e  to ta l  lysine 
co n ten t o f th e  p ro te in , p rov ided  th is  has been  
d en a tu red  before tre a tm e n t w ith  F D N B  (Sanger, 
1952). I f  extensive decom position  o f e-D N P-lysine 
does occur, therefore , i t  w ould ap p ea r to  be pecu liar 
to  coUagen. T he possibU ity th a t  th is  also applies to  
o ther D N P-am ino  acids should  b e  p a rticu la rly  
borne in  m ind  w hen considering  th e  resu lts  o f end- 
g roup determ inations on coUagen a n d  m odified 
coUagen.
I t  is in te resting  to  specu la te  on  possible reasons 
fo r faUure to  d e tec t te rm in a l a-am ino  groups in
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collagen. F irs t, th e  m olecule m ay  be v ery  large. 
A ssum ing th a t  decom position of D N P-am ino  acids 
during  th e  h y d ro ly tic  tre a tm e n t is no  g rea te r w hen 
in p ep tide  com bination  th a n  w hen free, i t  w as 
ca lcu la ted  th a t  m ost te rm ina l am ino acid  residues 
w ould have  been  d e tec ted  if  p resen t to  th e  ex te n t of 
one residue/m ol.w t. 4 or 5 m illion. E v en  if  m ore 
extensive decom position occurred  it should still 
h ave  been possible to  d e tec t an y  te rm in a l residue, 
w ith  th e  possible exception  o f proline, if  p resen t to  
th e  e x te n t of one residue/m ol.w t. 1 to  2 m illion. T he 
m olecular w eight m ay , therefore , be o f th e  o rder of 
1 to  2 m illion a t  least an d  p robab ly  considerably  
higher. A verage m olecular w eights of up  to  250000 
have been rep o rted  fo r ge la tin  (Pourad ier & V enet,
1950), an d  as som e p ep tide  bonds are  a lm ost 
certa in ly  b roken  during  th e  conversion of collagen 
in to  ge la tin  i t  is qu ite  possible th a t  th e  m olecular 
w eight o f collagen is several tim es th is  figure.
T he m olecule m ay  be  cyclic ; th is  does n o t a t  first 
seem  to  fit in  w ith  th e  conception of a  fibrous 
p ro te in . T here is some ind ication , how ever, th a t  end 
groups m ay  be ab sen t in  o th e r fibrous p ro te ins, and  
B ailey  (1951), w ho w as unab le  to  de tec t an y  end 
groups in  m yosin  an d  tropom yosin , has suggested, 
on  th e  basis o f m easurem en ts o f m olecular size 
(Tsao, B ailey  & A dair, 1951), th a t  th e  tropom yosin  
m olecule is cyclic.
F inally , th e re  is th e  possib ility  th a t  th e  term inal 
am ino groups a re  inaccessible or m asked  in som e 
w ay. T he presence of a sp artic  acid as a  te rm inal 
residue in  collagen w hich h ad  received such 
re la tive ly  m ild  tre a tm e n ts  as im m ersion in  u rea  
solu tion  or h ea ting  to  68° suggests th a t  i t  m ay  be 
a  te rm ina l residue inaccessible to  F D N B  in  th e  
original collagen. O n th e  o th e r h an d , th e re  is 
evidence th a t  a sp artic  acid  is read ily  lib era ted  from  
pro te ins. P a rtr id g e  & D avis (1950) a n d  A dair, 
P a rtr id g e  & D av is (1951) have  show n th a t  aspartic  
an d  g lu tam ic acids a re  p referen tia lly  libe ra ted  in  th e  
p a r tia l hydro lysis o f a  nu m b er of p ro te in s w ith  w eak 
acids, a n d  B lackbu rn  (1950a, 6) finds th a t  th is  also 
occurs w hen  wool is p a rtia lly  hydro lysed  w ith  
d ilu te  hydroch loric  acid . T he free a-am ino groups o f 
asp a rtic  acid  m ay , therefore , arise from  hydro lysis 
o f pep tid e  bonds during  th e  tre a tm e n t. I n  view  of 
th e  im portance  now  ascribed  to  m ucopolysac­
charides in  th e  fo rm ation  o f collagen, th e  possib ility  
o f m ask ing  o f te rm in a l g roups b y  association  w ith  
chond ro itin  su lp h a te  o r o th e r polysaccharide is 
w o rth  consideration . U n fo rtu n a te ly  th e  resu lts  of 
th e  experim en t w ith  te s ticu la r hyalu ron idase  were 
inconclusive, as i t  is u n ce rta in  w h eth er all th e  am ino 
groups lib e ra ted  b y  th is  tr e a tm e n t arose from  
rem oval o f polysaccharide. I t  m ay  be significant, 
how ever, th a t  tw o o f th e  te rm in a l residues found, 
a sp a rtic  ac id  an d  a lan ine, w ere also found  in  
procollagen.
T here is no evidence o f an y  co-ord inate  links in 
collagen, an d  i t  is fa irly  generally  agreed th a t  
collagen owes its  s tab ility  to  a  large n um ber of 
in terchain  hydrogen  bonds. Several considerations 
fav o iu  th e  conception  o f a  m olecule consisting of 
a  single long po lypep tide  chain , and  th e  absence of 
de tec tab le  te rm ina l am ino groups is m ost read ily  
explained on th e  basis of a  very  large m olecule or th e  
m ask ing  of th is  group, m ost p robab ly  aspartic  acid, 
b y  association  w ith  m ucopolysaccharide or som e 
o th e r group . I f  asp a rtic  acid  is n o t a  te rm inal 
residue, th e n  th e  pep tid e  bond  involving th is  
am ino acid is very  labile.
A  nu m b er o f o th e r end  groups, in add ition  to  
aspartic  acid, w ere found in th e  m odified collagens ; 
these  p robab ly  arise from  hydrolysis o f pep tide  
bonds, suggesting th a t  ce rta in  pep tide  bonds in ­
volving th e  am ino groups o f g lu tam ic acid, glycine, 
alan ine and  to  a  lesser e x te n t th reon ine  and  p h en y l­
alan ine are  p a rticu la rly  labile. T here  is, how ever, 
th e  possib ility  th a t  som e o f these D N P-am ino  acids 
arise from  th e  m icovering of a-am ino groups b y  th e  
sp littin g  off of D N P -asp a rtic  acid d iu in g  th e  t r e a t ­
m e n t w ith  F D N B . T his has been  found  to  occur 
w ith  ‘old yellow  en zy m e’ (W eygand & Ju n k ,
1951).
T he detec tion  o f an  appreciab le  n u m b er o f free 
a-am ino groups in  collagen w hich has been dissolved 
in  form ic ac id  an d  rep rec ip ita ted  calls for som e 
com m ent. I t  is o ften  assum ed th a t  collagen can  be 
recovered unchanged  from  form ic acid solu tion , b u t 
th e  p resen t resu lts  suggest th a t  th e  p ro d u c t o b ­
ta in ed  m ore nearly  resem bles gelatin  th a n  th e  
original collagen, th e  n um ber of free a-am ino groups 
ac tu a lly  exceeding those o f a  com m ercial gelatin .
SUM M ARY
1. T he reaction  o f fiuorodinitrobenzene w ith  th e  
am ino groups o f collagen, m odified collagen an d  
procollagen has been stud ied .
2. O nly 55-60 %  of th e  lysine could be recovered 
as th e  (-d in itropheny l (D N P) d eriv a tiv e  from  
collagen, m odified collagen or ge la tin  w hich h ad  
been tre a te d  w ith  fluorodinitrobenzene. O nly sm all 
am o u n ts  o f free am ino n itrogen  an d  unchanged  
lysine w ere found  in  th e  D N P  p ro te in s leaving 
app rox . 30 %  o f th e  lysine unaccoun ted  for. T he 
possib ility  o f decom position  o f e-D N P-lysine during  
hydrolysis , an d  o f th e  presence o f ac id -resistan t 
e-D N P-lysine pep tides is considered.
3. N o te rm in a l residues w ere de tec ted  in 
coUagen, an d  possible reasons fo r th is  are  d is­
cussed.
4. Sm all am oun ts  o f various end  groups w ere 
found  in  procollagen, th e  m odified collagens, an d  
gelatin . A spartic  acid w as m ost freq u en tly  found  
as a  te rm in a l residue, follow ed b y  g lu tam ic  acid.
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glycine, alanine and threonine. With the possible 
exception of aspartic acid these are considered to 
arise from hydrolysis of peptide bonds during the 
treatments. Aspartic acid is either a terminal 
residue which is inaccessible to fluorodinitrobenzene
or the peptide bond involving its a-amino group is 
especially labile.
Thanks are due to the Council of the British Leather 
Manufacturers’ Research Association for permission to 
publish this paper.
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SOME DIFFERENCES 
IN THE COMPOSITION OF COLLAGEN AND 
EXTRACTED COLLAGENS AND THEIR RELA­
TION TO FIBRE FORMATION AND DISPERSION
J. H. B o w e s ,  R. G. E l l i o t t  and J. A. Moss
British Leather Mariufacturers' Research Association, Egham, Surrey
A  FEW years ago O r e k h o v i t c h  and co-workers (1948a, 1952) 
extracted a soluble protein from the skin of various animals using 
citrate buffers of pH 3 to 4. The composition of this protein 
resembled collagen, and since there was more present in young 
animals than old, they suggested it was a precursor of collagen, and 
named it procollagen.
A soluble protein has been extracted from calf skin under the 
conditions described by O r e k h o v i t c h ,  T o u s t a n o v s k i ,  O r e k h o ­
v i t c h  and P l o t n i k o v a  (1948a), and its amino acid composition 
has been determined.
Certain differences in the composition of this citrate extracted 
protein and that of ox hide collagen suggested that, if  it is indeed 
a precursor of collagen, then its conversion to collagen involves the 
addition of a protein fraction relatively rich in tyrosine and certain 
other amino acids, and relatively low in hydroxyproline, alanine 
and serine compared with collagen.
Some experiments on the treatment of ox hide collagen in alkaline 
solutions suggested that the material going into solution also con­
tained a high proportion of tyrosine and very little hydroxyproline. 
It was, therefore, thought that it would be interesting to see whether 
there was any suggestion that dispersion in general involved the 
splitting off of some specific fraction similar in composition to that 
which appears to be added to procollagen to obtain collagen. 
With this object in view collagen has been given various treatments 
favouring dispersion and the amino acid composition of the treated 
collagen, and of the protein going into solution during the treatment 
has been studied.
Preliminary observations on the hydroxyproline, tyrosine and 
hexosamine contents of various modified collagens are reported.
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E X P E R I M E N T A L
Preparations
Citrate extracted protein—A soluble protein was extracted from fresh 
calfskin as described by O r e k h o v i t c h ,  T o u s t a n o v s k i ,  O r e k h o ­
v i t c h  and P l o t n i k o v a  (1948a), The skin was shaved, cut into 
small pieces and disintegrated in a Wiley mill. The macerate 
(1800 g )  was extracted twice with 10 litres of 0-1 m sodium dihy­
drogen phosphate solution, pH 8 0, and tlien three times with 
10 litres of 0 12 m sodium citrate solution, pH 3 02.
The protein was precipitated from the citrate extracts by the 
addition of sodium chloride to a final concentration of 5 per cent 
(w/v). The precipitated protein was purified by dissolving in 
slightly acidified water, pH 4 0, and dialysing against tap water. It: 
was acetone dehydrated and air dried. The ash content of the final 
product was 0 5 per cent and the moisture content 16 5 per cent.
CoUagen— Collagen was prepared from ox hide as previously 
described ( B o w e s  and K e n t e n ,  1948).
Treatments
Alkali— Ox hide collagen was treated in a solution of sodium and 
calcium hydroxides at pH 13 0 lor 14 days (see B o w e s  and K e n t e n ,  
1948). About 5 to 10 per cent of the protein dissolved during the 
treatment; this was separated into two fractions by neutralization 
and precipitation with acetone.
Plyaluronidase— Powdered collagen (5 g) was treated with half an 
ampoule of Bengers Hyalase dissolved in 150 ml 0 33 m sodium 
citrate buffer pH 4 6 for 16 h at 37°C. The collagen was washed 
by décantation with two 100 ml aliquot portions of citrate buffer for 8 
and 16 h, followed by two 100 ml aliquot portions of distilled water. 
It was filtered off, dehydrated with acetone and air dried.
Acetic acid—About 4 g fresh rat tail tendon was treated for 3 days 
in 500 ml 0 05 per cent acetic acid solution adjusted to pH 2-4 with 
hydrochloric acid. The solution was centrifuged and filtered. The 
residue was washed and dehydrated with ethanol, and the protein 
in solution was precipitated by the addition of sodium chloride to a 
final concentration of 5 per cent (w/v). The total nitrogen, hydr­
oxyproline and tyrosine contents of the various fractions were 
determined.
Methods
The amino acid composition of the citrate extracted protein was 
determined by the method of M oore and Stein (1951b) involving
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separation on an ion exchange resin followed by colorimetric 
determination with ninhydrin.
Hydroxyproline was determined by the method of N e u m a n  and 
L o g a n  (1950a). The accuracy and reproducibility of the method 
was not as great as could have been desired, but all determinations 
were carried out under the same conditions and it was considered 
that the results were comparable. Replicate determinations did 
not vary from the average value by more than ±  5 per cent. Tyrosine 
was determined on an acid hydro lysate by L u ce’s (1937, 1938) 
modification of the Millon-Weiss method (W e is s ,  1919).
Hexosamine was determined by the E l s o n  and M o r g a n  (1933) 
method as modified by P a l m e r ,  S m v t h e  and M e y e r  (1937). 
Results were reproducible to ± 5  per cent, but tended to be high; 
recovery of hexosamine added to collagen varied between 105 and 
112 per cent.
Total nitrogen and amino nitrogen were determined as previously 
described ( B o w e s  and K e n t e n ,  1948).
Results
The amino acid composition of the soluble protein extracted by 
citrate buffer as determined by the method of Moore and Stein is 
given in Table I. Data for ox hide collagen taken from the paper by 
B o w e s  and K e n t e n  (1948) are given for comparison.
Although the composition of the extracted protein is in general 
similar to that of collagen, there are appreciable differences in the 
amounts of certain of the amino acids ; these are underlined in 
Table I.
The total nitrogen is rather lower than that of collagen, partially 
accounted for by the lower amide, histidine and lysine contents. 
Other amino acids which are low compared with collagen are tyro­
sine and proline, while the amounts of hydroxyproline, alanine and 
serine are relatively high.
It is uncertain whether the glutamic acid content of the extracted 
protein is really higher than that of collagen. The value given in 
Table I  for collagen was determined some years ago by the method 
described by C o n s d e n ,  G o r d o n  and M a r t i n  (1948). It "was 
thought at the time to be low and some preliminary determinations 
by the Moore and Stein method seem to confirm this.
Although the hexosamine : nitrogen ratio of the citrate extract was 
relatively high, only a small proportion of this was precipitated with 
the protein, and the hexosamine content of the extracted collagen 
was less than that of the collagen.
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Table I. Composition o f Collagen and Citrate Extracted Collagen
Material
Collagen 
g /lO b  g
Citrate
extracted
collagen
g / i b o g
Amino acid nitrogen as 
per cen t total protein 
nitrogen
Citrate 
extracted 
Collagen collagen
Total nitrogen 18-60 17-70 —
Amino nitrogen . 0-46 0-49 2-5 2-7
Glycine . . . . 26-2 29-1 26-3 30-7
Alanine . . . . 9-5 11-9 8-0 10-5
Leucine . . . .  
Isoleucine . . . . j .  5-6
3-4
1-6 1  3-2
2-1
0-9
Valine . . . . 3-4 2- 8 2- 2 1-9
Serine . . . . 3-4 4-5 2-5 3-4
Threonine . 2-4 2- 3 1-5 1-5
Methionine 0-8 0-9 0-4 0-5
Cystine . . . . 0-0 — 0-0 —
Proline . . . . 15-1 12-7 9-9 8-7
Hydroxyproline . 12-2 14-0 7-0 8-4
Phenylalanine 2-5 2-2 1-1 1-1
Tyrosine . . . . 1-4 0-6 0-6 0-25
Tryptophan 0-0 — 0-0 —
Arginine . . . . 8-8 8-8 15-3 16-0
Histidine . . . . 0-8 0-4 1-2 0-6
Hydroxylysine 1-3 1-0 1-2 1-0
Lysine . . . . 4-5 3-8 4-7 4-1
Aspartic acid 6-3 6-6 3-6 3 9
Glutamic acid 11-3 12-1 5-8 6-5
Amide nitrogen . 0-66 0-52 3-5 2-9
Hexosamine 0-33 0-19 0-14 0-08
O r e k h o v i t c h  (1952) has already drawn attention to the low  
tyrosine content of his procollagen and has suggested that there is 
a series of proteins gradually increasing in tyrosine content and 
decreasing in ease of extractability until finally collagen fibres are 
obtained. The observations reported above indicate that the con­
version of this soluble protein to insoluble collagen fibres would 
require the addition of a protein fraction relatively rich in tyrosine, 
histidine, lysine, proline, and amide nitrogen, and relatively low in 
alanine, serine and hydroxyproline. Since the hexosamine content 
of the soluble protein was also lower than that of collagen, this 
fraction might be a mucopolysaccharide.
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C O M P O S I T I O N  OF T R E A T E D  C O L L A G E N S
Alkaline trealment
Collagen does not dissolve to any great extent in alkali, but the 
extensive swelling which occurs, and the increased readiness with 
which it can then be converted into gelatin are evidence that such 
treatment favours dispersion of the collagen. In the present experi­
ment between 5 and 10 per cent of the collagen dissolved during the 
treatment, about one quarter of which was precipitated by the 
addition of acetone. Amino nitrogen determinations indicated that 
the precipitated fraction consisted of large polypeptides, while the 
more soluble fraction consisted mainly of small peptides and free 
amino acids.
The hydroxyproline, tyrosine and hexosamine contents of some 
of the fractions are given in Table II.
Table II. Composition o f  Treated Collagens
Material Hexosamineg /1 0 0  g
Hydroxyproline 
g /1 0 0  g
Tyrosine
g /1 0 0  g
Collagen . . . . 0 3 3 12 2 1 0
Citrated extracted collagen . 0 19 1 4 0 0-65
Alkali treated collagen:
( / )  Insoluble 0 17 13 5 0 3
Paper chromatograms
(2) Precipitated by acetone — Medium Very fa in t
(3) Not precipitated by acetone. — Absent Relatively
strong
Gelatin . . . . 1 4 0 0 to 1-1
Hyaluronidase treated collagen 12-5 0-53
The alkali treated collagen contained less tyrosine and hexosamine 
and a higher proportion of hydroxyproline than the original col­
lagen, the values approaching those for the citrate extracted protein. 
A commercial gelatin prepared from alkali treated collagen was 
also found to have a high hydroxyproline content and the average 
of values quoted in the literature for tyrosine in gelatin (0 3 per 
cent) is appreciably lower than the corresponding average value for 
collagen (TO per cent).
The material precipitated by acetone gave a paper chromatogram 
similar to that of collagen except that the hydroxyproline spot was 
relatively weak and the tyrosine spot slightly more marked than is
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usual with collagen. Paper chroma I ograrns of (he more soluble 
i'raclion showed no hydroxyproline sj)ot and tyrosine was relatively 
strong compared with collagen.
Thus, the results indicate that during the alkaline treatment of 
collagen a fraction is split off which is relatively rich in tyrosine and 
hexosamine and which contains little hydroxyproline, leaving an 
insoluble material similar in composition to the citrate extracted 
collagen with respect to these constituents. The amino acid com­
position of these fractions is being examined in more detail.
Hyaluronidase treatment
Treatment with hyaluronidase has been reported to increase the 
swelling of collagen and its solubility in dilute acetic acid, due, it is 
suggested, to removal of chondroitin sulphate ( J a c k s o n ,  1952).
The hydroxyproline content of the treated protein was slightly 
higher than that of collagen and the tyrosine content was appreciably 
lower.
Solution in acetic acid
Collagen dissolves fairly readily in anhydrous formic and acetic acids 
and to a limited extent in the dilute acids depending on the state of 
organization of the collagen, tendon dissolving more readily than 
skin. Extensive swelling appears to be a necessary preliminary to 
solution in the dilute acids, the protein apparently dissolving in its 
own adsorbed water.
Rat tail tendon was used in this experiment in preference to ox 
hide collagen because of its greater solubility in acetic acid. About 
nine tenths of the tendon dissolved during treatment in the 0-05 per 
cent acetic acid solution. Nearly all of this was precipitated by the 
addition of sodium chloride giving a material similar in appearance 
and behaviour to the citrate extracted protein.
Table 111. Solution o f  Tendon in Acetic Acid
Material Hydroxyproline Tyrosine
Nitrogen as p er  cen t total nitrogen
Control. Wallaby tendon .
(1) Insoluble fraction
(2) Soluble in acetic acid
(3) Fraction precipitated by sodium
chloride . . . .
6 8
7-1
7-1
8-1
0-40  
Faint on paper 
chromatogram
0-18
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The hydroxyproline and tyrosine contents of the different fractions 
expressed as amino acid nitrogen as a percentage of total nitrogen 
are given in Table 111. Values for untreated wallaby tail tendon 
are given for comparison.
The hydroxyproline content of the insoluble fraction and of the 
acetic acid solution were the same, suggesting that the tendon as a 
whole goes into solution, the extent probably depending on the con­
ditions. The hydroxyproline content of the precipitated protein, 
however, was relatively high, approaching that of the citrate ex­
tracted protein. The tyrosine content was low compared with the 
value for the wallaby tendon.
D I S C U S S I O N
The differences observed in the amino acid composition of skin 
collagen and the protein extracted from the skin by citrate buffers 
suggests that any conversion of this soluble protein to collagen fibres 
must involve the addition of a protein fraction relatively rich in 
tyrosine, histidine, lysine, proline and amide nitrogen, and re­
latively low in hydroxyproline, alanine and serine. Since the 
hexosamine content of the extracted protein was also low this 
fraction might be a mucopolysaccharide. Changes in the tyrosine, 
hydroxyproline and hexosamine contents also appear to be involved 
in the solution of collagen, conditions favouring dispersion resulting 
in the splitting off of a fraction low in hydroxyproline and relatively 
rich in tyrosine and hexosamine, and leaving a protein approaching 
the composition of the citrate extracted protein with respect to these 
constituents.
On the basis of these observations it is tentatively suggested that 
fibre formation may involve the association of soluble protein, 
resembling the citrate extracted material, with a mucopolysac­
charide fraction; and that dispersion involves the reverse process, 
the dissociation of this mucopolysaccharide fraction. The muco­
polysaccharide may form part of the molecule or may act more in 
the nature of a cementing substance. No N-terminal residues have 
been found in collagen ( B o w e s  and Moss, 1951), but aspartic acid 
and alanine have been found as terminal residues in the citrate 
extracted protein and in collagen treated with hyaluronidase 
( B o w e s  and Moss, 1953). Aspartic acid has also frequently been 
found in collagen which has received relatively mild treatments, 
and it is possible that the amino group o f this amino acid is involved 
in the association of mucopolysaccharide.
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Table IV. Hydroxyproline and Tyrosine Contents o f  Fibrinoids in Rheumatic P'ever 
and Rheumatoid Jlrthritis
M aterial
Nitrogen as per cent total nitrogen
Hydroxyproline Tyrosine Reducing sugars
In rheumatic fever (CoNsnicw) 
Normal tissue— extract 
Fibrinoid—extract .
8-2 
7 6
0  7 
1 6
1 3  
2 9
Normal tissue— residue 
Fibrinoid— residue .
M  
0  7
1 6
3-4 2 7
In rheumatoid arthritis (Z iff) 
Material extracted from fibrinoids 
by alkali . . . . None High 7 per  cent  
polysaccharide
It is interesting to find that changes in the hydroxyproline, tyro­
sine and polysaccharide contents of collagenous tissue have also been 
observed in vitamin c deficiency and in rheumatic complaints 
{Table IV ). R obertson and Schwartz (1953) found that in the 
absence of vitamin c the collagen-like material formed around 
Irish moss injected into guinea pigs was apparently more soluble 
in dilute alkali and contained less hydroxyproline than that formed 
in normal animals. Other workers have reported increased forma­
tion of polysaccharide (Bunting and W hite, 1950; Bradfield and 
K odicek, 1951).
Consden el al. (1952) also report difierences in the tyrosine, 
hydroxyproline and reducing sugar contents of fibrinoids formed in 
rheumatic fever compared with normal subcutaneous tissue. The 
solution obtained on autoclaving, assumed to be gelatin from the 
original collagen, was lower in hydroxyproline and higher in 
tyrosine and reducing sugar than the corresponding solution 
obtained from normal tissue. The residue obtained from the fibri­
noids was also lower in hydroxyproline and higher in tyrosine than 
the similar residue obtained from normal tissue.
Z iff (1952) has also found that the amount of material extracted 
by dilute alkali from the fibrinoids found in rheumatoid arthritis 
was greater than with normal tissue, and contained 7 per cent 
polysaccharide, no hydroxyproline and a high proportion of 
tyrosine.
Thus, in the formation of abnormal collagenous tissue there 
appears to be an increase in material relatively soluble in alkali 
and which is low in hydroxyproline and rich in tyrosine and
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polysaccharide, i.e. similar in these respects to the fraction whicji 
goes into solution when collagen is treated under conditions 
favouring dispersion.
S U M M A R Y
Certain differences in the amino acid composition of the protein 
extracted from calf skin by citrate buffers (the procollagen of 
Orekhovitch) and of ox hide collagen suggest that any conversion 
of the citrate extracted protein to collagen fibres involves the 
addition of a fraction relatively rich in tyrosine and certain other 
amino acids, and low in hydroxyproline, alanine and serine.
Consideration of the factors influencing the dispersion of collagen, 
and the examination of the soluble and insoluble fractions obtained 
on treating collagen with alkali or dilute acetic acid indicate that 
dispersion involves the reverse process, the removal of a fraction 
rich in tyrosine and hexosamine and low in hydroxyproline.
Thanks are due to Ike Director and Council o f the British Leather Manu­
facturers' Research Association fo r permission to publish this paper and to 
Mrs Majfelt for technical assistance.
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T he p a r tia l d issolution  o f collagen in  d ilu te  so lu­
tions o f w eak  acids, such as form ic an d  acetic, has 
been  know n fo r som e years, a n d  h as  been  e x ­
tens ive ly  s tu d ied  b y  N ag eo tte  (1927 a , 6 , 1928, 
1930, 1933), N ag eo tte  & G uyon (1933), L ep la t 
(1933), an d  F au ré -F rem ie t (1933). In te re s t  in  th is  
so luble p ro te in  has been  rev ived  in  recen t years b y  
th e  w ork  o f O rekhovich an d  h is colleagues in  th e  
U .S .S .R ., w ho re p o r t th e  ex tra c tio n  o f a  soluble 
coU agenous-type p ro te in  from  th e  sk in  o f various 
an im als using  d ilu te  c itra te  buffers, a n d  w hich 
th e y  suggest is a  soluble p recu rso r o f collagen 
(P lo tn ikova, 1947 ; T ustanovsk ii, 1947 ; O rekhovich, 
T ustanovsk ii, O rekhovich  & P lo tn ik o v a , 1948; 
Chem ücov, 1949; O rekhovich, 1950, 1952). T he 
in fo rm ation  regard ing  th ese  various soluble col­
lagens has recen tly  been  review ed b y  H arkness, 
M arko, M uir & N euberger (1954). These au th o rs  
also re p o r t th e  presence o f  a  sm all a m o u n t o f a  
p ro te in  o f coUagen ty p e  w hich is e x tra c te d  from  
sk in  b y  d ilu te  p h ospha te , p H  9 0 (alkali-soluble 
collagen). O n th e  basis o f experim en ts on  th e  
feeding o f labelled  glycine to  ra b b its  th e y  conclude 
th a t  th is  is a  tru e  precu rso r o f  collagen, w hereas th e  
m etabo lic  role o f th e  acid-soluble collagen d e ­
scribed  b y  O rekhovich is less certa in , an d  i t  is n o t 
necessarily  a n  in te rm ed ia te  in  th e  fo rm ation  o f all 
th e  insoluble collagen o f  th e  skin.
H arkness et al. (1954) determ ined  th e  h y d ro x y ­
proline an d  ty rosine  co n te n t o f th e  alkali-so luble 
an d  acid-soluble coUagen, an d  also o f th e  gela tin  
ob ta ined  from  th e  rem ain ing  insoluble coUagen. 
B o th  soluble collagens con ta ined  less ty ro sin e  an d  
m ore hydroxypro line  th a n  th e  insoluble coUagen, 
a n d  th e  acid-soluble h a d  a  h igher hydroxyp ro line  
an d  ty ro sine  co n ten t th a n  th e  alkaU -soluble 
coUagen. S im ilar differences h av e  been  observed 
b y  Bowes, E ll io tt & Moss (1953) be tw een  th e  
h ydroxypro line  an d  ty ro sine  c o n ten t o f  th e  acid- 
soluble coUagen o f ca lf sk in  an d  th e  a d u lt coUagen 
o f ox h id e ; an d  betw een  th e  acetic  acid-soluble an d  
insoluble frac tions o f ten d o n  coUagen.
A  com plete analysis o f th e  acid-soluble coUagen 
o f ca lf sk in  h as  now  been  carried  o u t in  o rder th a t  
a  m ore de ta iled  com parison m a y  b e  m ad e  w ith  
th a t  o f a d u lt coUagen. A  p re lim in ary  accoun t o f 
som e o f these  resu lts  h as  a lread y  been  g iven 
(Bowes et al. 1953). T he ch rom atograph ic  m ethod  o f 
M oore & S tein  (1951) w as used  for th e  d e te rm in a ­
tio n  o f  th e  am ino acids, an d  i t  w as th o u g h t
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desirable to  re p e a t th e  analysis o f ox-hide collagen 
using th is  m ethod , so th a t  dii ec t com parison o f th e  
tw o p ro te in s could be m ade.
In  view  o f th e  ap p a re n t influence o f po lysac­
charide on th e  d ispersion o f collagen in  d ilu te  acid  
solu tions (Jackson, 1953) som e fu r th e r investiga­
tions on  th e  sugars an d  am ino sugars p resen t in 
collagen an d  acid-soluble collagen have  also been 
m ade.
E X P E R IM E N T A L
Preparation o f proteins
The ox-hide collagen was from the same batch as that nsod 
in previous investigations (Bowes & Kenten, 1948o, b). 
I t  was originally prepared from the middle layer of a 
hide taken from a 2-year-old bullock immediately after 
flaying.
The acid-soluble collagen was prepared from the skin of 
a 6- to 8-month-old bull calf by the method described by 
Orekhovich et al. Immediately after flaying the skin was 
shaved, cut into pieces about 1 cm.® and disintegrated in a 
Wiley mUl (A. Thomas and Co. Philadelphia). I t  was 
necessary to stop the mill a t intervals and remove the 
macerate by hand since it would not go through even the 
coarsest sieve. The macerated material (1800 g.) was 
placed in a cotton bag and extracted as indicated in 
Table 1, first with 0 iM-Na^HPO^, pH 8 6, and then with 
0-12 M  sodium citrate buffer, pH 3 62.
After the last phosphate extraction the macerate was 
suspended for a short time in two 3-1. portions of the 
citrate buffer in order to remove the phosphate buffer 
before going on to the citrate extractions proper. Each 
extraction was for a period of 24 hr., during which time the 
contents of the bag were agitated intermittently. All 
extractions were carried out between 2 and 4°. The 
macerated skin swelled considerably during the extrac­
tions; as much liquid as possible was squeezed out after 
each extraction, but relatively large amounts remained 
behind. After the last extraction special efforts were made 
to squeeze out liquid, and the relatively high protein 
content of this extract suggests tha t some liquid remaining 
from the earlier extractions was removed from the inter­
stices of the protein. A small amount of the macerate 
(5 g.) was further extracted with successive 200-ml. 
portions of the citrate buffer. Samples were taken at 
various stages, dehydrated with acetone, and total nitrogen 
and hexosamine determinations were carried out.
The protein in the citrate extracts was precipitated by 
the addition of sufficient 30 % (w/v) sodium chloride solu­
tion to bring the final concentration to 5 % (w/v). The next 
morning the lower clear layer of liquid was withdrawn, and 
the top layer, containing the protein in a gelatinous form, 
was centrifuged. The precipitate was washed with a small 
amount of water and dehydrated with acetone, it having 
first been ascertained tha t this did not apparently alter the 
solubility of the extracted protein. The precipitated protein 
was further purified by redissolving in citrate buffer and 
dialysing against tap water.
The citrate-soluble collagen was converted into gelatin 
by heating a 2 % (w/v) suspension in slightly acidified water 
to 40° for 5 min. The protein went into solution during the 
heating and on cooling the solution set to a gel.
Chemical analyses
Total nitrogen. This was determined accordmg to the 
method of ChibnaU, Rees & Williams (1943).
Amide-nitrogen. The method described by Bailey (1937) 
and Lugg (1938 c) was used.
Amino-nitrogen. The free amino-nitrogen was determined 
by the Van Slyke manometric procedure using a modified 
reaction chamber as described by Doherty & Ogg (1943).
Amino acids. With the exception of hydroxyproline, 
amino acids were determined colorimetrically with nin­
hydrin followmg separation on an ion-exohange resin 
(Moore & Stem, 1951). The columns used were of slightly 
greater diameter (10 cm.) than those used by Moore & 
Stein ; this resulted in the complete separation of tyrosine 
and phenylalanine on the 100 cm. column, and the partial 
separation of hydroxylysine and histidine on the 15 cm. 
column used for the separation of the basic amino acids. 
The length of tliis column was increased to 20 cm. to 
improve this separation, and that of a third constituent 
eluted in the same range.
The individual peaks were identified by comparison with 
the behaviour of known amino acid mixtures run on similar 
columns and, in some instances, by paper chromatography.
In the colorimetric determination 2 ml. of ninhydrin were 
used. In order to keep the blank readings low it was 
necessary to redistil the methoxyothanol, and to re- 
crystallize the ninhydrin. The citrate buffer used for 
making up the ninhydrin was shaken up with Dowex-50 
resin (sodium form) to remove ammonia, and stored over 
this resin. Ethanol was used in place of propanol in the 
diluent. Several runs were made on each protein using 
different hydrolyses, at least two and in many cases up to 
four determinations being made of each amino acid.
For the majority of the amino acids the estimated error 
was ± 3 %  or less. In  particular, for the amino acids for 
which differences between collagen and citrate-soluble 
collagen are reported, the estimated errors were: tyrosine 
± 4 % ; leucine ± 2 % ; isoleucine ± 3 % ; aspartic acid 
± 4 % . Rather greater errors were obtained with lysine 
(± 5% ), valine, serine and threonine ( ± 6 %) and methio­
nine ( ± 8 %). These greater errors are probably due to 
variable losses during hydrolysis and, in the case of valine, 
to the small amount present and the rather flat peak which 
it gives. Values for histidine and hydroxylysine were also 
rather variable owing to the considerable overlap of the 
peaks in this region. Values were chosen from the runs 
which gave the most satisfactory separation.
Two different methods of hydrolysis were used: cone. 
HCl in a sealed tube at 105° for 16 hr. and 6n-H01 under 
reflux for 24 hr. There was no evidence of any variations 
due to the method of hydrolysis.
Hydroxyproline. The method described by Neuman & 
Logan (1950) was used. Experiments carried out on the 
method of hydrolysis showed no evidence tha t hydrolysis 
under pressure (25 Ib./in.®) with 6n-HC1 for 6 hr., under 
reflux with 6n-HC1 for 24 hr. or 48 hr., or in a sealed tube 
with conc. HCl at 105° for 16, 24 or 48 hr. gave essentially 
different results. In  all the experiments recorded, about 
200 mg. protein were hydrolysed with 10 ml. conc. HCl in a 
sealed tube a t 105° for 16 hr. and the hydrolysate made up 
to 11. At this dilution no neutralization of the 1 or 2 ml. 
sample taken for the determination was necessary. In  the 
colorimetric determination the volumes of the reagents used
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by Neuman & Logan were doubled, and after development 
of the colour the final volume was made up to 25 ml. with 
distilled water. The concentration of CuSOj was increased to 
0-05 M  as recommended by Baker, Lampitt & Brown 
(195.3). Readings were made on a Hilger Spekker ab- 
sorptiometer using 2-cm. cells and an Ilford filter, no. 605 
(max. transmission, 530-575 mp.). Determinations were 
carried out in triplicate on each of two separate hydro­
lyses. In each determination four samples of the unknown 
were treated together with four standards in duplicate. 
Standard deviation for determinations on collagen 0 14 
and for citrate-soluble coUagen 0 18.
In making earlier determinations it was observed that 
the rate a t which the HgOg was added was important. If 
the peroxide was added slowly with shaking the optical 
density of the hydroxyproline standards was greater than 
when it was added rapidly, but that of the unknowns con­
taining the protein hydrolysate was not always similarly 
affected. Consequently low, and variable, values for the 
unknowns were often obtained. In  aU the determinations 
recorded the peroxide was added rapidly and the flasks 
shaken three or four times over a period of 5 min.
I t  was also observed that with some batches of propanol 
the colour was found to fade relatively rapidly, and these 
were discarded.
Hexosamine. The method of Elson & Morgan (1933) as 
modified by Blix (1948) was used. The reproducibUity of the 
determination was ±  5 % and the recovery of glucosamine
modification of the method of Lugg (1938 a). Owing to the 
very smaU amount of sulphate S present in collagen, it was 
necessary to adapt the method to a microscale and to make 
corrections for sulphate present in the reagents used. 
Recovery of sulphate added to coUagen was 93 %, and the 
appropriate corrections were made to the values obtained 
for coUagen alone. In view of the very smaU amounts 
present, and the larger amount of protein required, these 
determinations were not repeated on the citrate-soluble 
protein.
Free amino groups. The technique described by Sanger 
(1945), using l-fluoro-2:4-dinitrobenzene, was used for the 
identification and determination of the free amino groups. 
Details of the methods of treatment, separation and 
identification have already been described (Bowes & Moss, 
1953).
R E S U L T S
Extraction o f sk in
T he n itrogen  ex tra c te d  w ith  ph o sp h a te  buffer 
rep resen ts ab o u t 5-5 %  o f th e  to ta l  n itrogen  o f th e  
m acera ted  skin  (Table I). P ro te in  w as p rec ip i­
ta te d  on th e  ad d itio n  o f am m onium  su lp h a te  to  
h a lf  an d  full sa tu ra tio n , a n d  w as assum ed to  con­
sist o f album ins an d  globulins, respectively . T his 
frac tion  w as n o t exam ined  fu rth er.
T ab le  I . Extraction o f calf sk in  (1800 g.) 
For details see text.
Volume
Nitrogen content 
of extracts Nitrogen as % total
Volume recovered (mg./ml.) nitrogen of macerate
added to from ,---------------- ^— -----------\ r  '  ‘
macerate macerate Before After Total Extracted
Extracting buffer (Utres) (Utres) pptn. pptn. extracted and pptd.
0 iM-NagHPO* (pH 8 6)
1 100 8 6 019 — 195 —
2 100 83 036 — 355 —
Total 550 —
0*I2m Citrate (pH 3 62)
1 10*0 9 2 0 19 005 2*08 1*47
2 100 11 3 007 003 0*94 0*46
3 30 35 044 008 1*91 1*52
Total 4*93 345
Further extractions on 5 g. macerate (ml.) (ml.)
4 200 — 008 — — —
5 200 — 005 — — —
6 200 — 002 — — —
In six further extracts the nitrogen varied from 0 022 to 0*015 mg./ml.
added to coUagen was high (105-110%). In  subsequent 
experiments it was found tha t there was considerable 
interference from the other constituents of the hydrolysate 
(see Appendix).
The values recorded in Table 2 are uncorrected for this 
interference, but although too high are probably compar­
able with one another.
Total and sulphate sulphur. Total S was determined by 
the method of Barritt (1934) modified to deal with smaU 
amounts of sulphur. Sulphate S was determined by a
A  sim ilar p ro p o rtio n  o f th e  to ta l  n itrogen  
(4 9 %) w as ex tra c te d  in  th e  firs t th re e  m ain  
c itra te  ex trac tions. F u r th e r  sm all am o u n ts  w ere 
e x trac ted  in  th e  subsequen t tre a tm e n ts  o f  a  5 g. 
po rtion , th e  am o u n ts  finally  becom ing ap p rox i­
m a te ly  c o n stan t a fte r  th e  s ix th  ex trac tio n  a t  a b o u t 
0  02 m g. n itrogen  p e r m l.
O n th e  ad d itio n  o f sod ium  chloride to  th e  th ree  
c itra te  ex tra c ts  betw een  50 a n d  80 %  of th e  p ro te in
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w as p rec ip ita ted . T he p ro te in  rem ain ing  in  so lu tion  
p ro b ab ly  consisted  p a r tly  o f a lbum ins an d  g lo­
bulins n o t com pletely  rem oved  b y  th e  phospha te  
buffer, since th e  ad d itio n  o f am m onium  su lpha te  
p rec ip ita ted  a  fu r th e r 1 0 %  of th e  to ta l  n itrogen  
o f th e  ex trac t. Some o f th e  citra te-so lub le  collagen 
also p ro b ab ly  rem ained  in  so lu tion  since th e  p re ­
c ip ita tio n  is unlffiely to  be com plete. T here  is also 
th e  possibiU ty o f an  add itional p ro te in  fraction , for 
i t  h as  since been found  th a t  10-30 %  of th e  n it ro ­
gen in c itra te  buffer an d  acetic ac id  solu tions of 
ten d o n  collagen is n o t p rec ip ita ted  b y  sodium  
chloride, even a fte r  con tinued  ex trac tio n  m akes th e  
presence o f a lbum ins an d  globulins from  th e  tissue 
fluids ex trem ely  unlUtely. T his n itrogen  w as in th e  
m ain  non-dialysable, an d  a  p re lim inary  analysis 
ind ica ted  th a t  th e  hydroxypro line  c o n ten t w as 
negligible, th e  glycine, a lan ine an d  proline con­
te n ts  w ere re la tive ly  low, an d  th e  ty rosine, leucine, 
a spartic  acid  an d  am ide co n ten ts  h igh . I t  w ould 
appear, therefore , to  rep resen t a  non-collagenous 
fraction .
T he hexosam ine co n ten t o f th e  m acera te  w as 
unaffected  b y  th e  ph o sp h a te  ex trac tions, b u t  w as 
appreciab ly  decreased  b y  th e  tre a tm e n ts  w ith  
c itra te  buffer (Table 2). T he c itra te  e x tra c t con­
ta in ed  a  re la tive ly  h igh  p ro p o rtio n  o f hexosam ine
u n d e r th e  m icroscope (phase co n trast) , th e  fo rm a­
tio n  o f defin ite fibre-like partic les could be seen. 
Some o f th e  sta in ing  reactions o f th is  fibrous n e t ­
w ork  a re  listed  in T ab le  3. T he p rec ip ita te  w as 
fixed in  Z enkers’ fixa tive  (KgCrgO? -f IlgClg -|- acetic 
acid). I t  w ould app ea r th a t  th e  s ta in ing  p roperties 
lie be tw een  th o se  o f collagen an d  re ticu la r tissue.
T he p ro te in  w as soluble in d ilu te  buffers or 
sligh tly  acidified w a te r to  th e  e x te n t o f a b o u t 
0-5 g. p e r 100 m l. Solub ility  w as sligh tly  increased 
in  th e  presence o f sm all am o u n ts  o f sa lts  an d  
decreased w ith  rise in  p H .
On h ea tin g  in  w a te r above 40° for a  few m inu tes 
an d  cooling, th e  so lu tion  se t to  a  gel, ow ing p re ­
sum ab ly  to  conversion in to  gelatin . T he rig id ity  o f 
such a  gel con ta in ing  th e  equ iva len t o f 2 g. p ro te in  
in  100 m l. 0-05m ace ta te  buffer a t  p H  6 0 w as 
determ ined  b y  M r P . R . Saunders o f th e  B ritish  
G elatine an d  G lue R esearch  A ssociation. T he 
de te rm in a tio n  w as m ade  a t  10° a f te r  m a tu rin g  for 
17 h r . a t  th e  sam e tem p e ra tu re  an d  a  va lue  
o f  12 000 dynes/cm.® w as ob ta ined . G elatins 
o f sim ilar rig id ity  hav e  been  p rep a red  in th e  
B .G .G .R .A . L abo ra to ries from  sk in  an d  tendon , 
b u t  h igh-grade com m ercial gelatins u nder th e  sam e 
conditions hav e  low er values o f th e  o rder o f 
9000 dynes/cm.®.
T able  2. Nitrogen and hexosamine content o f extracts and sk in
* Uncorrected values see p. 145.
Hexosamine
Material Hexosamine* Nitrogen Nitrogen
Calf skin: (g./lOO g. moisture- and ash-free protein)
After maceration 041 17-66 0-023
After phosphate extraction 042 — —
After citrate extraction 034 17-85 0-019
Precipitate from citrate extract :
Citrate-soluble collagen 019 17-70 0-011
First citrate extract : (mg./lOO ml. extract)
Before precipitation 078 19-2 0-046
After precipitation 0 54 4-9 0-110
in  re la tio n  to  n itrogen , b u t  only  a  sm all a m o u n t o f 
th is  w as carried  dow n w ith  th e  p rec ip ita ted  p ro te in , 
th e  hexosam ine/n itrogen  ra tio  o f th e  solu tion  being 
increased  to  O i l .  These hexosam ine determ inations 
w ere only  co rrected  fo r th e  colour o f th e  h y d ro - 
ly sa te  in  th e  absence o f ad d ed  E h rlich ’s reagen t, 
an d  n o t for in terference o f o th e r co n stitu en ts  o f th e  
hyd ro ly sa te .
Properties o f citrate-extracted protein
T he p rec ip ita te  fo rm ed on  th e  ad d itio n  of 
sod ium  chloride to  th e  c itra te  e x tra c t o f ca lf sk in  
w as fibrous in  ap pearance  and , w hen  observed
T able  3. S ta in ing  reactions o f citrate-soluble collagen 
Stain
Iodine
Periodic acid-Schiff
Azan and Mallory’s triple 
stain
Haem alum and basic 
stains 
Silver
Toluidine blue
Reaction
Red brown—more deeply 
staining than collagen
Faintly positive like 
collagen
Dense blue like collagen 
and reticulin
Not stained, resembling 
collagen and reticulin
Purple to black—like reti­
culin rather than coUagen
Not metachromatio
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Composition o f collagen and procollagen
T he am ino acid  com position  o f a d u lt ox-hide 
collagen, an d  o f th e  c itra te-so lub le  collagen o f ca lf 
skin, b o th  determ ined  b y  th e  techn ique o f Moore & 
S tein  (1951), a re  g iven in  T ab le  4. T he com position 
o f th e  sam e ox-hide collagen as rep o rted  in  1948 
(Bowes & K en ten , 1948 a) is also g iven for com ­
parison .
agrees b e tte r  w ith  th e  V an  Slyke va lue  fo r free 
am ino n itrogen  th a n  d id  th e  p rev ious figure, and  
th e  new  va lue  for arg in ine is only  sligh tly  low er 
th a n  th a t  ob ta in ed  b y  fiav ianate  p rec ip ita tio n  
(14-40% ) on th e  sam e m a te ria l (Bowes & K en ten , 
19486). I t  w as suggested  a t  th e  tim e  (Bowes & 
K en ten , 1948 a) th a t  th e  values for th e  d icarboxylic 
acids determ ined  b y  th e  m e th o d  o f Consden, 
G ordon & M artin  (1948) m ig h t be low, an d  th e
T able 4. A m in o  acid content o f ox-hide collagen and o f citrate-soluble collagen of calf sk in
Citrate-soluble protein Ox-hide collagen
Ox-hide collagen 
as reported 1948*
Total N 
Amino N
Glycine
Alanine
Leucine
Isoleucine
Valine
Phenylalanine
Tyrosine
Tryptophan
Serine
Threonine
Cystine
Methionine
Proline
Hydroxyproline
A rginine
Histidine
Hydroxylysine
aZioHydroxylysineJ
Lysine
Aspartic acid 
Glutamic acid 
Amide 
Hexosamine
Total
Average residue weight: 
By summation 
By N-distribution
g- g- N as %
N as % residues/ N as % residues/ protein
protein N g./IOO g 100 g. m-moles/g. protein N g./lOO g. 100 g. m-moles/g N g./lOO g
— 17-70 — — — 18-60 — — — 18-60
2-65 0-49 — 0-35 2-50 0-46 — 0-33 2-50 0-46
27-48 (4) 26-07 19-81 3-47 26-66 (2) 26-57 20-20 3-540 26-3 26-2
8-84 (4) 9-95 7-94 1-17 8-72 (2) 10-32 8-23 1-158 8-0 9-5
1-93 (3) 3-20 2-76 0-244 2-14 (2) 3-73 3-22 0-284) 3-2 5-60-84 (3) 1-39 1-20 0-106 1-08 (2) 1-88 1-62 0-143 f
1-53 (2) 2-26 1-91 0-193 1-58 (2) 2-46 2-08 0-210 2-2 3-4
0-95 (3) 1-98 1-78 0-120 1-07 (2) 2-35 1-95 0-142 1- l t 2-5
0-22 (2) 0-50 0-45 0-028 0-41 (2) 0-99 0-89 0-054 0-6 1-4
3-19 (4) 4-23 3-51 0-403 3-06 (4) 4-27 3-54 0-406 2-5 3-4
1-47 (3) 2-21 1-87 0-185 1-43 (4) 2-26 1-92 0-190 1-5 2-4
0-41 (3) 0-78 0-68 0-052 0-49 (2) 0-97 0-85 0-065 0-4 0-8
8-95 (2) 13-02 10-98 1-131 9-43 (3) 14-42 12-16 1-252 9-9 15-1
8-22 (6) 13-62 11-75 1-039 7-37 (6) 12-83 11-07 0-978 8-0 14-0
15-16 (2) 8-34 7-48 0-479 14-22 (3) 8-22 7-37 0-472 15-3 8-8
0-05 (2) 0-29 0-26 0-019 1-02 (4) 0-70 0-62 0-045 1-2 0-8
0-88 (2) 0-90 0-80 0-055 0-93 (2) 1-00 0-89 0-062 1-2 1-3
0-38 (2) 0-39 0-34 0-024 0-14 (2) 0-15 0-13 0-008 — —
3-87 (4) 3-57 3-13 0-244 4-08 (6) 3-96 3-47 0-271 4-7 4-5
3-60 (3) 6-05 5-23 0-454 3-93 (3) 6-95 6-01 0-522 3-6 6-3
5-93 (4) 11-02 9-69 0-749 5-69 (3) 11-16 9-75 0-756 5-8 11-3
2-92 (3) 0-52 — (0-369) 3-50 (4) 0-66 — (0-465) 3-5 0-66
— 0-01 — — — 0-05 — — — —
97-30 — 91-56 10-114§ 96-97 — 95-97 10-56§ 99-0 —
90-5 90-9 _ _ 92 6
— — 95-5 — ■ — 91-2 — — — 92-6
* Bowes & Kenten (1948a). t  Tristram (1949).
Î  Not identified, but assumed to be aZZohydroxylysine for purposes of calculation. 
§ Amide excluded.
Figures in brackets indicate number of determinations made.
T he p re sen t va lues fo r collagen in  som e in ­
stances differ sligh tly  from  those  rep o rted  earlier. 
T he values fo r aU th e  basic am ino  acids, fo r 
ty rosine , valine, an d  to  a  lesser e x te n t proline, are  
low er th a n  th e  earlier values, w hile th e  values for 
serine, a sp a rtic  acid  an d  a lan ine  are  ra th e r  h igher. 
T he low er value  fo r ty ro sin e  agrees w ith  inde­
pen d en t d e te rm ina tions m ade  on  b o th  ac id  an d  
alkaline h yd ro ly sa tes  b y  a  m odification  o f L ugg’s 
m e th o d  (Lugg, 1937, 19386), v iz. ty ro sine  N  as 
percen tage  to ta l  N , 0-42. T he low er va lue  for lysine
h igher v a lu e  now  o b ta in ed  fo r a sp a rtic  ac id  su b ­
s ta n tia te s  th is  view . V aline is one o f th e  am ino  
acids fo r w hich  th e  M oore & S te in  m e th o d  w as 
found  to  give th e  leas t reproducib le  resu lts  a n d  th e  
o lder va lue  is, therefo re , p ro b ab ly  to  be  p referred . 
T his also applies to  hydroxy lysine  a n d  h is tid ine , 
w here overlapping  o f th e  peaks m ad e  ev a lu a tio n  
difficult. T he position  o f  th e  h is tid ine  p eak  w as 
de te rm ined  b y  th e  ad d itio n  o f h is tid ine  to  a  h y d ro - 
ly sa te  in  one ru n . A  sm all a m o u n t o f n inhyd rin - 
reac ting  m a te ria l w as e lu ted  from  th e  2 0 -cm. resin
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colum n betw een  hydroxy lysine  an d  h is tid ine . In  
view  o f th e  separa tion  o f hydroxy lysine  an d  alio- 
hydroxy lysine  rep o rted  b y  P iez (1954), i t  is p ro b ­
ab le  th a t  th is  sm all peak  rep resen ts aZZohydroxy- 
lysine form ed b y  racem ization  during  hydrolysis. 
A  sim ilar reso lu tion  of th e  hyd roxy ly sine-h istid ine  
p eak  w ith  gela tin  hyd ro ly sa tes is rep o rted  b y  
H am ilto n  & A nderson (1954).
T he values g iven for glycine an d  hydroxypro line  
a re  th e  first to  be determ ined  on th is  collagen, th e  
p rev iously  rep o rted  values hav in g  been  selected 
from  th e  various de te rm ina tions m ade  b y  earlier 
w orkers.
T he to ta l  n itrogen  accoun ted  for is 97-1%  and  
th e  sum  o f th e  am ino ac id  residues is 96 0. T he 
average residue w eight b y  sum m ation  is 90 9, an d  
b y  calcu lation  from  th e  n itro g en  d is trib u tio n  91 2. 
These values a re  sligh tly  low er th a n  those  p re ­
v iously  ca lcu la ted  (Bowes & K en ten , 1948 a).
T he com position o f th e  c itra te-so lub le  collagen 
o f ca lf sk in  is essentially  sim ilar to  th a t  o f a d u lt 
ox-hide collagen, th o u g h  th e re  a re  a  n u m b er of 
sm all differences. I n  view  o f  th e  low er n itrogen  
co n ten t com pared  w ith  collagen, these  differences 
are  b es t com pared  on th e  basis o f am ino  acid  
n itrogen  as percen tage  to ta l  n itrogen . T he am ide, 
ty ro sine  an d  h is tid ine  co n ten ts  o f th e  c it ra te - 
soluble p ro te in  a re  defin itely  low er, an d  th e  leucine, 
isoleucine, an d  possib ly  th e  a sp a rtic  ac id  co n ten ts  
a re  sligh tly  low er th a n  in  collagen, w hile th e  
hydroxypro line  co n ten t is h igher. T he n inhydrin - 
positive m a te ria l e lu ted  betw een  hydroxy lysine  
an d  h is tid ine, a n d  assum ed to  be aZZohydroxy- 
lysine, is th ree  tim es as g rea t as in  collagen.
T he to ta l  n itro g en  accoun ted  fo r is 97 3 %  b u t 
th e  sum  o f th e  am ino ac id  residues is on ly  916 .  
This, to g e th e r w ith  th e  low er n itrogen  co n ten t
T able  5. Term inal residues in  citrate-soluble collagen
Gelatin from 
Citrate-soluble citrate-soluble 
collagen collagen
(m-moles/100 g. DNP-protein)
Aspartic acid 0 06 014
Alanine 0 04 0 20
Glycine — 014
Glutamic acid — 017
Serine — Trace
Threonine — Trace
com pared  w ith  collagen, suggests th e  presence of 
som e non -p ro te in  co n stitu en t.
T he resu lts  o f experim en ts on th e  reaction  of 
collagen an d  th e  c itra te-so lub le  collagen w ith  1- 
fiuoro -2 :4 -din itrobenzene have  a lready  been re ­
p o rted  (Bowes & Moss, 1953). On th e  basis o f th e  
ra th e r  low er lysine co n ten t now  found  for collagen 
th e  percen tage  recovery  o f lysine as eD N P-lysine 
from  th e  D N P -p ro te in  is hicreased from  55 to  
63 %  an d  is o f th e  sam e o rder as th a t  found  for th e  
c itra te-so lub le  collagen, nam ely  69 % . Conversion 
o f th e  citra te-so lub le  collagen in to  gela tin  by  
hea tin g  to  40° for 5 -10 m in . resu lted  in an  increase 
in  th e  nu m b er o f free a-am ino groups availab le  to  
F D N B  (T able 5). T hese w ere sim ilar to  those 
found  in  com m ercial gelatins (Com-ts, 1954), 
excep t th a t  th e  p ro p o rtio n  o f glycine w as m uch  
sm aller. F ro m  th e  am o u n ts  p resen t th e  num ber- 
average m olecular w eight w as found  to  be 160000.
S u lphur distribution o f collagen
T he su lp h u r d is trib u tio n  o f th e  ox-hide collagen 
is given in  T ab le  6 . V alues p rev iously  rep o rted  by 
B aem ste in  (1932) an d  B each  & T eague (1942) for 
to ta l  su lp h u r an d  este r su lp h a te  in  ge la tin  are 
ra th e r  h igher, p ro b ab ly  ow ing to  th e  presence o f 
im purities arising  from  con tam ina tion  w ith  h a ir .
A n appreciab le  am o im t o f th e  to ta l  su lp h u r is 
n o t accovm ted fo r; tho u g h  som e o f th is  deficit m ay  
be  due  to  cystine p resen t as an  im p u rity , i t  is 
p robab le  th a t  th e  value  for su lp h a te  su lp h u r is low 
ow ing to  th e  difficulties o f de term in ing  such  sm all 
am oun ts.
A ssum ing th a t  th is  su lp h a te  su lp h u r is all 
derived  from  chondro itin  su lphate , th e  a m o u n t o f 
th is  polysaccharide p resen t w ould  be  o f th e  o rder 
0 4 % , corresponding to  a  galac tosam ine co n ten t o f 
0 17% .
D ISC U SSIO N
T he question  o f w h eth er th e  p ro te in  ex trac ted  
from  sk in  b y  c itra te  buffers is a  p recurso r o f col­
lagen, an d  rep resen ts a  definite e n tity , or w hether 
i t  rep resen ts th e  so lu tion  o f th e  collagen fibres as a  
w hole h as  been  th e  su b jec t o f  som e discussion 
(H arkness, M arko, M uir & N euberger, 1953, 1954; 
N euberger, R an d a ll & o thers, 1953). As fa r  as th e  
p resen t experim en t is concerned, th e  ex trac tio n  o f
T ab le  6 . S u lphur distribution o f gelatin and collagen 
Results are expressed as g./lOO g. of moisture and ash-free protein.
Gelatin (Baemstein, 1932) 
Gelatin (Beach & Teague, 1942) 
Ox-hide collagen
Cystine and S not
Total S Methionine S cysteine S Sulphate S accounted for
047 0 21 013 010 003
0-411 0-175 0-005 0-207 ' 0-024
0-30 0-18 — 0-03 0-09
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ca lf sk in  w ith  c itra te  buffer appears to  involve, in 
th e  m ain , th e  rem oval o f a  specific soluble frac tion  
ra th e r  th a n  con tinued  slow so lu tion  o f th e  sk in  
substance  as a  whole, th e  p ro p o rtio n  o f n itrogen  
ex tra c te d  g radua lly  decreasing m itü  i t  reaches a 
low c o n stan t va lue . T he readiness w ith  w hich  th e  
c itra te-so lub le  p ro te in  is p rec ip ita ted  b y  th e  
ad d itio n  o f sodium  chloride to  th e  e x trac t, an d  th e  
fibrous n a tu re  o f th e  p rec ip ita te  foi-med suggests 
th a t  i t  is m ore h ighly  o rien ta ted  th a n  gela tin . On 
th e  o th e r h an d , its  read y  conversion in to  gelatin  
ind ica tes th a t  i t  is less hea t-s tab le  th a n  collagen. 
A b o u t tw o -th ird s  o f th e  to ta l  p ro te in  ex tra c te d  by  
c itra te  buffer is p rec ip ita ted  b y  sa lt an d  is o f a  
collagenous ty p e  (the procollagen o f O relihovich). 
T he rem ain ing  th ird  m ay  p a r t ly  consist o f a lbum ins 
a n d  globulins, b u t  subsequen t experim en ts on th e  
m ore exhaustive  ex trac tio n  o f ten d o n  ind ica te  th a t  
a  p ro te in  frac tio n  differing from  these  is also 
p re sen t (see p .146).
T he am ino ac id  com position  o f ox-hide collagen 
as de te rm ined  b y  th e  M oore & S te in  (1951) te c h ­
nique  differs sligh tly  from  th a t  rep o rted  fo r th e  
sam e sam ple in  1948 (Bowes & K en ten , 1948 a). 
T he recovery  o f n itrogen  w as n o t q u ite  com plete ; 
th is  w as p ro b ab ly  due  to  overall losses o f am ino 
acids, since i t  w as accom panied  b y  a  corresponding 
deficiency in  th e  sum  o f th e  am ino ac id  residues.
W ith  th e  citra te-so lub le  p ro te in  th e  am ino acids 
found  accoun t fo r 97-3 %  o f  th e  to ta l  n itrogen , 
w hile th e  sum  o f th e  w eights o f th e  am ino acid 
residues is only  91-6 g. T hus, even  if  a ll th e  n itrogen  
u n accoun ted  fo r w as p re sen t as am ino acids of 
h ig h  m olecu lar w eigh t, th e  to ta l  o f th e  residue 
w eights (g.) w ould  stiU fall app reciab ly  sh o rt o f a  
h u n d red . T his, to g e th e r w ith  th e  low  n itro g en  
co n ten t com pared  w ith  collagen, suggests th e  
possible p resence o f a b o u t 4 -5 %  o f som e con­
s t i tu e n t o f low  n itro g en  co n ten t. N o independen t 
evidence o f such a  co n stitu en t h as  been  found, 
how ever. D e te rm in a tio n  o f  reducing  sugars and  
hexosam ine, as w ell as p ap e r ch rom atog raphy  an d  
electrophoresis, ind ica te  th e  presence o f on ly  very  
sm all am o u n ts  o f hexosam ine, galactose, glucose 
a n d  m annose am o u n tin g  in  all to  less th a n  0-1 % , so 
th a t  no  appreciab le  am o u n t o f po lysaccharide or 
ca rb o h y d ra te  is p resen t (see A ppendix).
T he am ino acid  com position  o f th e  c itra te - 
soluble p ro te in  differs in  som e respects from  th a t  
rep o rted  b y  C hernikov (1949) a n d  O rekhovich  
(1952) for procollagen. T he h is tid ine  co n ten t is 
m uch  low er an d  th e  sum  o f th e  p roline an d  hydroxy- 
pro line is appreciab ly  h igher.
I n  view  o f th e  low n itro g en  c o n ten t o f th e  c itra te - 
soluble collagen, com parison o f its  com position 
w ith  th a t  o f a d u lt collagen w as m ade  on th e  basis 
o f am ino acid  n itrogen  as a  percen tage  o f th e  to ta l  
n itrogen . I t  is possible th a t  an y  differences ob ­
served in  th e  p resen t investiga tion  a re  due to  
va ria tions in  age an d  b reed . I n  view , how ever, o f 
th e  sm all v aria tio n s in th e  com position  of collagen 
from  w idely d ifferen t sources rep o rted  b y  N eum an  
(1949) th is  possib ility , th o u g h  n o t com pletely  
excluded, appears to  be  sm all. T he com position  of 
th e  tw o p ro te ins is essen tia lly  th e  sam e, b u t  th e re  
are  a  few defin ite differences w hich suggest th a t  
th e  a d u lt collagen is associated  w ith  a  p ro te in  
con stitu en t w hich is re la tive ly  rich  in  am ide 
n itrogen , ty rosine , h is tid ine  and , to  a  lesser ex ten t, 
leucine, isoleucine an d  possib ly  a sp a rtic  acid , an d  
low in  hydroxypro line  com pared  w ith  th e  c it ra te - 
soluble collagen. E v idence o b ta ined  from  su b ­
sequen t experim en ts on  th e  exhaustive  ex trac tio n  
of ten d o n  suggest th a t  a  p ro te in  frac tion  o f sim ilar 
com position is ex tra c te d  to  som e e x te n t b y  c itra te  
buffers, to g e th e r w ith  th e  collagenous p ro te in , an d  
p robab ly  rep resen ts p a r t  o f th e  p ro te in  rem ain ing  
in  solu tion  a fte r  th e  ad d itio n  o f sod ium  chloride 
(see p. 146). T he re la tive ly  h igh  hexosam ine/n itrogen  
ra tio  o f th e  so lu tion  a f te r  p rec ip ita tio n  w ith  
sodium  chloride suggests th a t  th is  soluble p ro te in  
frac tion  m ay  be  associated  w ith  polysaccharide.
O ther w orkers h av e  also found  evidence for th e  
presence o f such a  c o n stitu en t in  collagenous 
tissue. E as to e  & E asto e  (1954) suggest its  presence 
in  bone collagen, Consden, G lynn & S tan ie r (1953) 
in  connective tissue, an d  H arkness et al. (1954) 
an d  Consden & B ird  (1954) in  ra b b it skin. T he sm all 
am oun ts o f sugars p resen t in  collagenous tissue  
p ro b ab ly  arise from  th is  m ucopolysaccharide, 
ra th e r  th a n  from  th e  collagen itself. T he a lm ost 
com plete absence of sugars in  th e  citra te-so lub le  
p ro te in  w ould  ap p ea r to  su b s ta n tia te  th is  view . T he 
sugars associated  w ith  ox-hide collagen a re  th e  
sam e as those  iden tified  b y  Consden et al. (1953) in 
connective tissue a n d  b y  E asto e  & E asto e  (1954) in 
bone collagen, th o u g h  th e y  differ in  th e ir  re la tiv e  
p roportions an d  a re  m uch  sm aller in  am o u n t (see 
A ppendix). I t  is reasonable  to  suppose th a t  sk in  
w ith  its  closer fibrous s tru c tu re  con ta ins less m u co ­
polysaccharide th a n  th e  looser ty p es  o f collagenous 
tissue. I t  is possible th a t  th is  p ro te in -po ly sac- 
charide frac tion  rep resen ts th e  m ain  co n stitu en t o f 
th e  ground  substance . I t  appears to  b e  rem oved  
from  collagenous tissue b y  a lkaline tre a tm e n t 
(Bowes et al. 1953 ; Consden & B ird , 1954; E as to e  & 
E astoe , 1954), an d  possib ly  b y  d ilu te  acids (Bowes 
et al. 1953; th is  paper, see above). T h is rem oval 
appears to  ru n  para lle l w ith  reduced  s ta b il ity  o f 
th e  collagen, prolonged  tr e a tm e n t in  a lkaline 
solu tions fac ilita ting  th e  conversion  o f  collagen 
in to  gelatin , an d  tre a tm e n t in  d ilu te  ace tic  ac id  
favouring  d ispersion o f th e  collagen. T he read y  
conversion o f th e  c itra te-so lub le  collagen in to  
gela tin  also suggests th a t  sep ara tio n  from  th e  non- 
collagenous frac tion  reduces s tab ility .
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T h e  n a tu re  o f th is  non-collagenous p ro te in  
frac tio n  an d  its  re la tionsh ip  w ith  th e  c itra te - 
soluble collagen an d  th e  insoluble collagen o f a d u lt 
sk in  is being fu r th e r investiga ted .
SUMMARY
1. C alf sldn  has been  e x tra c te d  w ith  d ilu te  
c itra te  buffer an d  th e  soluble collagen p rec ip ita ted  
w ith  sodium  chloride.
2. T he am ino ac id  com position  o f th e  c itra te - 
soluble collagen as de terrn ined  b y  th e  Moore & 
S te in  (1951) techn ique  w as essen tia lly  th e  sam e 
as th a t  o f ox-hide collagen. T he citrate-so lub le  
collagen con ta ined  less am ide N , ty ro sine  an d  
h is tid ine  an d  ra th e r  m ore hydroxypro line  th a n  th e  
ox-hide collagen. I t s  lysine, leucine, isoleucine an d  
asp a rtic  ac id  co n ten ts  w ere also sligh tly  lower.
T he values o b ta ined  for som e o f th e  am ino acids 
in  ox h ide differed sligh tly  from  those  repo rted  in 
1948 (Bowes & K en ten , 1948 a) fo r th e  sam e 
sam ple.
3. R educing  sugar an d  hexosam ine d e te rm in a ­
tions ind ica ted  th a t  n e ith e r h ide collagen n o r th e  
citra te-so lub le  collagen con ta ined  an y  appreciable 
am o u n t o f po lysaccharide. T he ra tio  o f hexosam ine 
to  n itro g en  in  th e  c itra te  e x tra c t a fte r  p rec ip ita tion  
of th e  collagenous p ro te in  suggested  th e  presence of 
m ucopolysaccharide.
4. A spartic  ac id  an d  a lan ine w ere de tec ted  as 
free te rm in a l residues in  th e  c itra te-so lub le  p ro te in . 
A fte r conversion in to  ge la tin  b y  h ea tin g  to  40° a  
few  ad d itio n a l te rm in a l residues w ere detec ted .
5. F ro m  consideration  o f th e  differences in  com ­
position  betw een  th e  h ide  collagen an d  th e  c itra te - 
soluble p ro te in  i t  is suggested  th a t  th e  fo rm er is 
associated  in  som e w ay  w ith  a  p ro te in  co n stitu en t 
w hich is re la tiv e ly  rich  in  am ide n itrogen , ty rosine, 
h is tid ine  an d  ce rta in  o th e r am ino acids, an d  re ­
la tiv e ly  low in  hyd roxypro line . O ther evidence for 
th e  presence o f such a  co n s titu en t in  collagenous 
tissue  is c ited , a n d  its  possible significance w ith  
regard  to  th e  s ta b ility  o f collagen discussed.
The authors are indebted to Mr P. R. Sanders of British 
Gelatine and Glue Research Association for determination 
of the rigidity of the gelatin obtained from the citrate- 
soluble protein, and to the Director and Council of the 
British Leather Manufacturers’ Research Association for 
permission to publish this paper.
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A P P E N D IX
The Carbohydrate of Collagen
B y  j . a . m o s s
B ritish  Leather M anufacturers' Research Association, Egham , Surrey  
{Received 6 January  1955)
T he presence o f up  to  1 %  o f sugars in collagen has 
been suggested  by  several w orkers, n o tab ly  
G rassm ann & Schleich (1935) an d  B eek (1941), b u t 
none o f these  w orkers defin itely  estab lished  th e ir  
id en tity . More recen tly , Glegg, E id inger & 
L eblond  (1953) h av e  rep o rted  th e  iden tification  
b y  p ap e r ch rom atog raphy  o f glucose, galactose, 
m annose, fucose an d  a  tra ce  o f ribose in  re ticu lin  
an d  te n d o n  collagen, w h ils t Consden, G lynn & 
S tan ie r (1953), using a  com bination  o f p ap e r 
electrophoresis an d  p ap e r ch rom atog raphy , have  
found  glucose, m annose, galac tose an d  glucos­
am ine, th e  la s t tw o  predom inating , in  su b c u ta n ­
eous tissue.
P re lim inary  a tte m p ts  to  d e tec t sugars in  
purified  sk in  collagen b y  these  m ethods w ere u n ­
successful. T his failure w as a ttr ib u te d  to  th e  v ery  
low  concen tra tions p resen t an d  to  considerable 
in terfe rence  from  th e  h igh  am ino acid  an d  p ep tide  
co n ten t o f th e  hydro lysa tes .
A  n u m b er o f m ethods u sed  for th e  de te rm ina tion  
o f sugars h av e  been  app lied  to  collagen. Some 
estim ates  m ade  o f th e  in terfe rence due  to  p ro te in  
hyd ro ly tic  p roduc ts , w hich a re  o f general in te re s t 
in  connexion w ith  th e  d e te rm in a tio n  o f sugars in  
o th e r  p ro te ins, hav e  been  recorded.
E X P E R IM E N T A L
Materials. The coUagenous materials used were similar to 
those described in the main part of this paper.
Hydrolysis. The protein was hydrolysed with 2x-HCl for 
16 hr. in a sealed tube at 105°.
Reducing sugars. The method of Somogyi (1945) and the 
method of Hagedom & Jensen (1923) as modified by 
Lampitt, Fuller, Qoldenberg & Green (1947) were used. 
A modification of the anthrone colorimetric method (see 
Scott & Melvin, 1953) was also used. To each of several 
tuhes 6 ml. of 0 15% (w/v) anthrone in 87% (v/v) RgSO* 
were added. After cooling in ice for 5 min., 1 ml. of 
unknown or standard containing up to 200 y.g. of glucose or 
its equivalent was added slowly to form a top layer. After 
cooling for a further few min., the contents of the tubes were 
mixed by inversion. The stoppered tubes were then trans­
ferred to a water bath a t 80° for 15 min. After cooling, the 
absorption was measured on a Hilger ‘Uvispek’ spectro­
photometer a t 625 m/Li. Scott & Melvin (1953) report that 
the anthrone colour is increased in the presence of chloride
ions which may be present in hydrolysates. In  the present 
work it was found tha t tins increase was virtually inde­
pendent of chloride concentration above OTx and was of 
the order of 9%.
Hexosamine. This was determined by the method of 
Elson & Morgan (1933) as modified by Blix (1948). Follow­
ing the suggestion made by Schloss (1951), readings were 
also made at 515 m/x. after 20 hr. incubation a t 30° using 
a Hilger ‘Uvispek’ spectrophotometer. When the determi­
nations were made on the 1 ml. fractions eluted from a 
chromatographic column the reaction was carried out 
in the tubes used for the collection of the samples 
with appropriate adjustments to the volumes of reagents 
added.
Paper chromatography. Two-dimensional chromatograms 
were run on Whatman no. 2 paper, 24 in. square. The 
systems phenol-water and w-butanol—water were found to 
be a suitable combination of solvents for satisfactory 
separation of glucose, galactose and mannose when each 
was run the full length of the paper. The papers were 
sprayed with aniline hydrogen phthalate reagent (Partridge, 
1949), and, after heating for 5 min., examined in ultra­
violet Hght.
Chromatograph technique. Hexosamines were separated 
from other material present in the hydrolysates, on a 
column of Dowex-50 1 x 23 cm. high, similar to tha t used 
by Moore & Stein (1951) for the separation of basic amino 
acids (see also Eastoe, 1954). Under these conditions 
glucosamine emerged after 84 ml. Determination by 
ninhydrin and by the modified Elson & Morgan (1933) 
procedure gave the same values, indicating tha t the glucos­
amine emerged free from peptides and amino acids. Thus, 
either method may be used for the determination. Using 
a larger column (2 cm. diam. x 20 cm.) of Dowex-50 
equilibrated with 0 05n-HCI and the same acid as developer, 
it was found tha t hexoses and uronic acids were eluted 
together and free from amino acids, etc., after about 20 ml. 
of acid had passed through the column (cf. GardeU, 1953).
R E S U L T S  A N D  D ISC U SSIO N
A ttem p ts  to  de term ine  reducing  sugars d irec tly  on 
a  collagen h y d ro ly sa te  gave re su lts  depend ing  on 
th e  m e th o d  used  (Table I , co lum ns 1 an d  2). T rials 
w ith  a  sy n th e tic  hy d ro ly sa te  con ta in ing  th e  correct 
p roportions o f a ll th e  am ino acids, w ith  th e  ex ­
cep tion  o f hydroxylysine, w hich h av e  been  id e n ti­
fied in  collagen, in d ica ted  th a t  th e  in terfe rence due 
to  these  w as considerable wdth th e  H ag ed o m  & 
Jen sen  (1923) m ethod , b u t  w as re la tiv e ly  sligh t in
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T ab le  1 . R educing sugars in  collagen and citrate-soluble collagen (CS-collagen) 
The results are expressed as mg. glueose/lOO mg. protein.
1 9 5 5
Method 
Hagedom & Jensen (1923) 
Somogyi (1945)
Anthrone
Uncorrected
Corrected for the 
contribution of amino 
acids (col. 3)
Neutral sugars + uronic 
acids after separation 
on Dowex-50
,----------- ^ Synthetic r---------- \
CS-collagen
'I
Collagen CS-collagen hydrolyaate Collagen Collagen CS-collagen
(1) (2) (3) (4) (5) (Ü) (7)
2-98 2-40 231 0-67 __ 027 —
0-33 0-19 0-04 0-28 0-15 0-27 —
033 0-43 0-04 0-29 0-39 0-26 0-01-03
T able  2. H exosam ine content o f collagens 
The results are expressed as mg. glucosamine/100 mg. 
* Citrate- Synthetic
Collagen
soluble
collagen
hydro­
lysate
Uncorrected values 0-30 015 0-07
Glucosamine equivalent 0-11 0-10 0-02
of unacetylated blanks
Values corrected for 0-19 0-05 0-05
blanks
After separation on 0-05 0-01 —
Dowex-50
th e  Som ogyi (1945) an d  an th ro n e  m ethods (Table 1, 
colum n 3). T he am ino acids chiefly responsible fo r 
th e  h igh  values in  th e  H ag ed o m  & Jen sen  m ethod  
w ere ty rosine , m eth ion ine, p ro line a n d  hydroxy- 
proline, w hich gave 76, 42, 3 an d  2 % , respectively, 
o f th e  values o b ta in ed  for th e  sam e w eight of 
glucose. A fte r correction  fo r th e  co n trib u tio n  o f 
th e  am ino acids (Table 1, colum ns 4 an d  5) th e  
H ag ed o m  & Jen sen  m e th o d  still gives h igher 
va lues for collagen th a n  th e  o th e r tw o m ethods. 
T he correction  is n o t  va lid  fo r th e  citra te-so lub le  
collagen ow ing to  its  m uch  low er ty ro sine  co n ten t ; 
if, how ever, allow ance is m ade  for th is , a  va lue  o f 
th e  sam e order as th a t  found  b y  th e  Somogyi 
m eth o d  is ob ta ined . T he d e te rm ina tion  o f hexos­
am ine is also su b jec t to  in terference b y  p ro te in  
h y d ro ly tic  p roduc ts . Colour co n trib u ted  b y  
hydroxypro line  u n d e r th e  p resen t conditions w as 
0-1 %  o f th a t  o f an  equa l w eigh t o f glucosam ine. I n  
collagen th is  co n trib u tio n  w ould  rep resen t ab o u t 
0-015%  of glucosam ine. Colour m ay  also be 
contrilDuted b y  am ino ac id -su g a r reactions (V asseur 
& Im m ers, 1949; S ta ry , Y enson, L isie & B üen, 
1951; Horowdtz, Ik aw a  & F ling, 1950) an d  is 
p a rticu la rly  im p o rta n t if  sm all am oun ts o f glucos­
am ine a re  to  be  determ ined .
I t  h as  been  suggested  (A nastassiadis & Comm on, 
1953) th a t  allow ance can  b e  m ade  for th is  in te r­
ference b y  th e  inclusion o f b lanks o f th e  h y d ro ly sa te  
tr e a te d  ex ac tly  as th e  te s t  so lu tion  excep t th a t  
sod ium  carbona te  con ta in ing  no  acety lacetone  is 
used . W ith  b o th  collagen an d  c itra te-so lub le
collagen th e  b lanks ob ta ined  in  th is  w ay  were 
re la tive ly  large (see T able  2). T his does n o t, 
how ever, give an  en tire ly  sa tisfac to ry  b lan k  since 
th e  values ob ta ined  for th e  sy n th e tic  hyd ro ly sa te  
show ed th a t  acé ty la tio n  increased th e  con tribu tion  
due  to  am ino acids, an d  V asseur & Immei-s (1949) 
s ta te  th a t  th e  sam e is also tru e  o f th e  am ino a c id -  
sugar reaction  p roducts. D evelopm ent o f th e  
colour for 24 h r. as recom m ended by  Schloss (1951) 
gave sim ilar resu lts .
As i t  appears from  th e  above th a t  d irec t d e te rm i­
n a tions o f reducing  sugars an d  hexosam ines in 
collagen hydro lysa tes give m isleading resu lts , 
separa tion  o f these  substances from  o th e r p ro te in  
h y d ro ly tic  p ro d u c ts  using D owex-50 w as in v es ti­
g a ted  (see ‘M ethods’).
H y d ro ly sa te  equ iva len t to  up  to  1 g. p ro te in  w as 
p u t  on th e  larger-d iam eter colum n an d  developed 
w ith  0-05N-HC1, 1 m l. frac tions being collected. 
H exoses w ere determ ined  b y  th e  an th ro n e  m ethod  
on  0-2 m l. po rtions o f th e  fractions. Those co n ta in ­
ing  an th ro n e  positive m a te ria l w ere th e n  bu lked  
a n d  th e  reducing  pow er tow ards th e  Somogyi 
(1945) an d  H agedom  & Jen sen  (1923) reagen ts 
de term ined  (Table 1, colum n 6 ). T he values o b ­
ta in ed  b y  th e  th ree  m ethods agree. Since galac t- 
uronic acid  gives 5 %  o f th e  colour yield  o f an  equal 
w eight o f glucose w ith  th e  an th ro n e  reagen t, 14 %  
o f th e  reducing  pow er tow ards th e  H ag ed o m  & 
Jen sen  reag en t an d  9 0 %  tow ards th e  Som ogyi 
reagen t, i t  m ay  be  concluded th a t  th e  a m o u n t o f 
uronic acid  p resen t is v e ry  sm all. T he rem ain ing  
e lua te  w as ev ap o ra ted  to  dryness an d  p ap er 
chrom atogram s w ere ru n . Glucose an d  galactose in 
ap p rox im ate ly  eq u iva len t q u an titie s  an d  a  sm aller 
a m o u n t o f m annose w ere found .
A  sim ilar p rocedure  in  th e  case of c itra te-so lub le  
collagen show ed th e  presence o f glucose, galactose 
a n d  m annose, th e  spo ts being  all o f app rox im ate ly  
th e  sam e size an d  in ten s ity  on  th e  p ap e r ch ro m ato ­
g ram . I n  n e ith e r m a te ria l w as uronic acid  detec ted .
F o r  th e  sep a ra tio n  o f hexosam ine, sam ples o f 
hy d ro ly sa te  eq u iva len t to  a b o u t 100 m g. p ro te in  
w ere p u t  on  th e  sm aller colum n. 1 m l. frac tions 
w ere collected a n d  hexosam ine w as determ ined  b y  
th e  m odified E lson  & M organ procedure. T he resu lts
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a re  g iven in  T able  2. T he a m o u n t o f hexosam ine 
found  in  th e  ox-hide collagen b y  th is  m e th o d  w as 
even sm aller th a n  th e  correc ted  value  ob ta ined  
d irec tly  on th e  hydro lysa te , an d  th e  am o u n t found 
in  th e  c itra te-so lub le  collagen w as negligible.
T he sugars a n d  sugar d erivatives w hich have  
been identified in  ox-hide collagen are  th e  sam e as 
those  found in  o th e r collagenous tissues, e.g. 
tendon , b u t th e  re la tive  p ropo rtions a re  d ifferent 
an d  th e ir  to ta l  a m o u n t is less, especially in  th e  
citra te-so lub le  collagen. T he negligible a m o u n t of 
hexosam ine an d  th e  v e ry  sm all an d  variab le  
am o u n ts  o f hexoses found  in  th e  soluble p ro te in  
suggest th a t  th ese  m ay  be  p re sen t as im purities. 
T his is co n tra ry  to  th e  view s o f K iin tze l (1954) an d  
o f G rassm ann, E nd res & S teber (1954) w ho have 
found  appreciab le  am o u n ts  o f hexoses an d  am ino 
sugars, respectively , w hich th e y  consider to  be  
an  in teg ra l p a r t  o f th e  citra te-so lub le  collagen 
m olecule.
SUM M ARY
1. Some m ethods used  fo r th e  d e te rm in a tio n  o f 
sugars hav e  been  exam ined. T h e ir app lica tion  to  
com plete p ro te in  hyd ro ly sa tes is discussed.
2. T he carb o h y d ra te  c o n ten t o f ox-hide collagen 
an d  c itra te-so lub le  collagen h as  been  determ ined ,
I  wish to thank Miss D. dos Santos Vieira for technical 
assistance and the Director and Council of the British 
Leather Manufacturers’ Research Association for permis­
sion to publish this paper.
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C O L L A G E N  A N D  T H E  M O R E  S O L U B L E  C O N S T IT U E N T S  O F  SK IN *  
B y J. H . B ow es, R . G . E llio tt, and J. A . M oss.
SU M M A R Y
The chief protein constituent o f skin is collagen, but experiments 
on extraction with dilute acid and alkaline solutions indicate the 
presence o f a number o f different protein fractions differing in solu­
bility. The methods used for the determination o f the amino acid 
com position and terminal amino groups o f such protein fractions are 
briefly described.
The com position o f ox hide collagen has been redetermined by the 
method o f M oore and Stein, and some slight differences from previous 
analyses are pointed out. Attention is drawn to the peculiarities of the 
amino acid composition o f collagen. N o  terminal amino groups have 
been detected in the original collagen but after relatively mild treat­
ments a number become available for reaction.
A  collagenous protein has been extracted from calf skin with 
citrate buffer— the procollagen o f Orekhovich— and some o f its proper­
ties are described. The amino acid com position of the extracted protein 
is essentially the same as that o f the ox-hide collagen, but certain small 
differences suggest that the ox-hide collagen is associated with a protein 
relatively rich in tyrosine, histidine, leucine, and amide-nitrogen, and 
containing little or no hydroxyproline.
Further experiments on the extraction o f calf skin with citrate 
buffer, dilute acetic acid, and alkali indicate the presence o f  one or 
possibly two non-collagenous protein constituents closely associated 
with the collagen.
The significance o f the various soluble protein fractions in relation 
to the pretanning processes is discussed.
The com position of collagen and the other constitutents o f skin, and how  
they are affected by the early processes o f leather manufacture, has always 
been of interest to the leather chemist, and numerous papers on the subject 
have appeared in the literature. In recent years there has been an increasing 
interest in the biological and m edical fields concerning the more soluble con­
stituents of collagenous tissue and the part which they play in the formation, 
m etabolism and diseases of such tissue. In leather chemistry also, the import­
* Paper read before the Annual M eeting o f the Society— Leeds, September, 1955.
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ance of these constituents in determining the properties of the skin has been 
more fully realised. The present paper summarises some of the work which 
has been carried out in these laboratories during the past five years on the 
composition of skin collagen and the proteins extracted from skin by the 
action of dilute acid and alkaline solutions.
Fresh skin consists largely of water; there is some 30-35% protein, 
excluding the hair, 1-10% grease, or even more in the case of sheepskins, and 
a small amount of carbohydrate (Fig. 1.). There do not appear to be any 
figures available for the carbohydrate content of fresh skin, but judging from 
the low values obtained for the extracted proteins and the remaining insoluble 
collagen, it cannot amount to much more than 0 5% of the wet weight. Of 
the 30-35 % protein, about 4-6% is made up of the interfibrillary proteins, 
such as albumins and globulins of the tissue fluids, about 0-5-1  0% represents 
the epidermis and there are small amounts of muscle protein, elastin and 
reticulin. The insoluble residue of protein obtained after autoclaving, (0 6%) 
may be the remains of these or may be an additional constituent. By far the 
greater part of the protein is collagen (90-95% ), but it is now becoming 
increasingly clear that what has generally been referred to as collagen is not 
homogeneous and can be divided into a number of different fractions. The 
terra collagen will, as far as possible, be restricted to the protein which is 
the chief constituent of the collagen fibres and which so far has probably 
never been obtained pure.
SK IN
G REA SE PR O T E IN
30-35-/
W A T E R
60-65/'.
SU G A R S M U C O P O L Y S A C C H A R ID E  
I'/. OS-1%
AS fAOTEIN H i  r t f *
INSOlueit «IMOUI 
ON AUTOCIAVING
C O L L A G E N
90-95%
F ig. I.
The constituents o f fresh skin.
The partial dissolution of collagen fibres in dilute solutions of weak acids, 
such as formic and acetic has been known for many years^’®’®’'^ , and more 
recently, interest in this subject has been revived by the work of Orekhovich®’® 
and his colleagues in Russia. They report the extraction of a soluble 
collagenous type protein from the skins of animals using dilute citrate buffers. 
This protein was precipitated by salts or by dialysis and the fibrous precipitate 
formed had the characteristic x-ray diffraction and electron microscopic 
appearance of collagen fibres. They found that more of this collagenous 
protein could be extracted from the skin of young animals than from old and
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suggested that it might be a soluble precursor of collagen and called it pro­
collagen. The isolation of this protein has been confirmed by workers in this 
country '^® and in the States”, but the view that it is the true precursor of 
collagen is not generally accepted. Harkness, Marko, Muir, and Neuberger^, 
and Schmitt, Gross and Highberger^”’”  have isolated another collagenous 
fraction which is soluble in phosphate buffers at pH 9 0 and in dilute sodium 
chloride solutions. On the basis of radioactive isotope experiments, Harkness 
et  aU consider that this is the more likely precursor. On solution in citrate 
buffer, this fraction is apparently converted into a protein resembling pro­
collagen and is no longer soluble in alkalis On heating to 37° for a few 
minutes it forms a fibrous precipitate showing the characteristic striations of 
normal collagen fibres under the electron microscope".
Thus, the collagen of skin can be divided into at least three different frac­
tions of varying solubility. Evidence is also accumulating for the presence 
of at least one or possibly two protein constituents closely associated with the 
collagenous type of protein^ "  ".
Experimental Methods.
D e t e r m i n a t i o n  o f  A m i n o  A c i d  C o m p o s i t i o n .
Until recently, the determination of the amino acid composition of a 
protein was a very long and tedious operation requiring several grams of 
material. Although it was possible to distinguish broad differences between 
the composition of proteins by simpler means, it was impossible, for example, 
to know whether gelatin had the same composition as collagen or whether 
protein extracted from skin represented a specific fraction of the collagen 
molecule or an entirely different entity, without being involved in a very large 
amount of time-consuming analytical work requiring considerable amounts of 
protein.
In recent years, however, methods have been developed which enable a 
complete amino acid analysis to be carried out in a little over a week, using 
only a few milligrams of protein. These""®, and another technique^® to which 
reference will be made later, have their origin in the work of Martin and 
Synge" on partition chromatography carried out in the laboratories of the Wool 
Industries Research Association, and which has found a wide application in 
a number of fields.
The method used in the present investigation for the determination of the 
amino acid composition was that developed by Moore and Stein", which 
involves separation of the amino acids on an ion exchange resin followed by 
colorimetric determination with ninhydrin. This method is represented 
diagrammatically in Fig. 2. After hydrolysis with hydrochloric acid in the 
usual way, a sample of hydrolysate, containing the equivalent of 3-8 mg protein 
Js placed on a column of ion exchange resin, 100 cm long by 0 9 cm in 
diameter. The resin used is Dowex 50, a sulphonated polystyrene resin of 
approximately 8% crosslinking and the separation of the amino acids depends 
on their pk values, their molecular size and shape, and on the influence of 
side chain groups such as hydroxyl. By using a series of buffers of increasing
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pH and eluting at three different temperatures, 35, 45 and 75°C it is possible 
to obtain separation of all the amino acids, each being washed off the column 
successively.
“a m in o  a o o  u n it s
V
a  u
Fig. 2.
Diagrammatical representation o f the chromatographic separation of
amino acids.
The eluate from the column is collected in 1 ml. fractions, three to four 
being collected every hour. As some six hundred or more fractions are 
involved it is necessary to have an automatic device for this. There are now 
a number of such fraction collectors commercially available, but at the time 
this work was started this was not so. An apparatus was, therefore, constructed 
in the laboratory. The eluate from the column flows into a collecting syphon 
which when full delivers into a series of test tubes held in a circular collecting 
disc. The passage of the liquid down the side arm of the syphon operates a 
capacitance relay (a Tektor Laboratory Model by Fielden) which starts a motor 
and rotates the disc so that the next tube is brought beneath the syphon.
The amino acid in each fraction is then determined colorimetrically with 
ninhydrin—this gives a purplish-blue colour with all the amino acids, a reddish 
colour with hydroxyproline and a yellow colour with proline. From the 
intensity of the colour obtained the amount present in each fraction is obtained 
by reference to a standard curve. The amounts of amino acid involved are 
very small, of the order of 0 • 005 to 0 05 mg.
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The sort of separation of the amino acids obtained is illustrated in Fig. 3, 
in which the amino acid content of each fraction is plotted against the number 
of that fraction. There is very little overlap of the peaks, except with 
hydroxyproline and aspartic acid. This, however, is not serious, the orange 
colour due to hydroxyproline does not appreciably interfere with the measure­
ment of the blue colour due to aspartic acid, and as the ninhydrin method for 
hydroxyproline is, in any case, not very sensitive, this amino acid was generally 
determined independently by the method of Neuman and Logan^®. Glycine 
and alanine, which are present in very high concentrations in collagen, also 
overlap sometimes and it is usually, more convenient to determine these 
separately using less protein.
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Separation o f amino acids in a hydrolysate o f collagen on 100 c.m. 
column o f D ow ex 50. Hydrolysate equivalent to about 4 5 mg protein 
applied to column. Buffers used for elution fractions 0-260 pH 3 42 
at 37-5°C; 260-425 pH 4 25 at 28°C; 425-560 pH 4 25 at 75°C; 561-585 
pH 6 0 at 25 'C ; 586-695 pH 8 3 at 25 "C; 696-720 pH 9 2 at 2 5 “C.
There is some loss o f the basic am ino acids which are eluted from  the 
column last, and in practice these are determined using a shorter column  
15-20 cm long and a different series of buffers (see Fig. 4). In this way the bulk  
of the amino acids is eluted in the first few  fractions, follow ed by the basic 
am ino acids. The two sm all peaks emerging just before histidine are most 
probably" hydroxylysine and aleo-hydroxylysine respectively^®.
D e t e r m in a t io n  o f  T e r m in a l  A m in o  R e s i d u e s .
The method developed by Sanger" for the determination and identifica­
tion o f the amino acid residues supplying the terminal amino group in 
proteins and peptides was applied to collagen and modified collagens. The
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principle of the method is represented diagrammatically in Fig. 5. The protein 
or peptide is treated with l-fluoro-2:4-dinitrobenzene which reacts with the 
amino groups present. The protein is then hydrolysed, leaving the dinitrophenyl 
(DNP) group attached to the e-amino groups of lysine and hydroxylysine and 
to the a-amino groups of the terminal amino acids. The yellow dinitrophenyl 
derivatives of the terminal amino acids are then extracted into ether, leaving 
the water-soluble e-DNP-lysine and hydroxylysine, and the remaining unreacted 
amino acids in the water phase.
O 0  6
0 5 TYROSINE
P H E N Y LA LA N IN E0  4 ARGININE
LYSINE
« 0  2
HYDROXYLYSINE
I HISTIDINEGLUCOSAMINE
30'
FRACTION NUMBERS
8 0  lOO 140 170 2 0 0 270 3 0 0
F io. 4.
Separation of basic amino acids in a hydrolysate of collagen on a 
20 cm column o f D ow ex 50. Hydrolysate equivalent to about 8 5 mg 
protein applied to column. Buffer used for elution— Fractions 0-30  
pH 5 0 at 2 5 “C; 31-140 pH 6 8 at 25°C; 141-300 pH 6 5 at 2 5 "C.
The a-DNP— amino acids are then separated chroraatographically on 
silica gel and determined colorimetrically. The method has been applied to 
collagen and to collagen treated in various ways to determine the extent of the 
breakdown which takes place and where it occurs. It has also been used 
extensively by other workers in studies on the degradation of gelatin by acid, 
alkali, heat and enzymes^^’^ *^®^.
Experim ental Results.
A m in o  A c id  C o m p o s it io n  o f  C o l l a g e n .
The amino acid composition of ox-hide collagen has been redetermined^® 
using material from the same sample as that for which analyses were published 
in 1948-^. This sample was prepared from the middle split of a fresh ox-hide, 
and the interfibrillary proteins were removed by drumming in several changes 
of 5 % sodium chloride solution. By removing the grain layer which contains 
hair roots, sebaceous and sweat glands, and most of the elastin and reticulin, 
it was hoped that complications due to the presence of extraneous matter would 
be small, and that apart from a small amount of elastin and reticulin, the 
material obtained would be what is generally referred to as collagen.
The amino acid composition of this collagen sample determined by the 
method of Moore and Stein and expressed as g per 100 g and as amino acid 
nitrogen as per cent of the total nitrogen is shown in Table I.
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Diagrammatic representation of the fluorodinitrobenzene 
technique for the determination of a-terminal amino groups.
There are a few small differences from the analysis which was reported 
some years ago :— the values for lysine, tyrosine, and to a lesser extent proline 
are lower ; and the values for serine alanine and aspartic acid are higher.
The lower value for lysine now reported agrees better with determina­
tions of free amino groups, and that for tyrosine agrees with independent 
determinations made by the methods of Lugg^^ and Udenfriend and Cooper^®. 
The higher value for serine and aspartic acid are confirmed by the results 
obtained by Eastoe^^ on gelatin obtained from different sources. The values 
for glycine and proline are the first to be determined on this particular batch 
of collagen, the values previously reported having been selected from the 
literature.
Ninety-seven per cent of the total-nitrogen has been accounted for; the 
deficiency of 3% is probably due to small overall losses of amino acids.
There are a few peculiarities regarding the amino acid composition of 
collagen which are of interest. First of all, the very high content of proline 
and hydroxyproline; the proline content is higher than that of any other 
protein, while hydroxyproline has not been found in any other protein, except 
elastin, in which it only occurs to the extent of about 1 %. The hydroxyproline 
content of a tissue is, therefore, a useful guide to its collagen content, and has. 
in fact, been used by a number of workers for the determination of collagen.
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Collagen is also the only protein which contains an appreciable amount of 
hydroxylysine. Secondly, the low content of aromatic amino acids; tryptophan 
is absent and the tyrosine content is very low. In fact, collagen is a very 
unbalanced protein, and this is well illustrated by the Moore and Stein separa­
tion curves (Fig. 3 and 4). Approximately half its weight is made up of four 
units, gycine and alanine, and proline and hydroxyproline, i.e. two of the 
smallest units and two of the more bulky units ; rather more than another 
quarter is made up by the acidic and basic amino acids, leaving less than a 
quarter for the nine remaining neutral amino acids.
T e r m i n a l  A m i n o  G r o u p s  i n  C o l l a g e n  a n d  M o d i f i e d  C o l l a g e n ’*®,
No terminal amino groups were detected in collagen using the Sanger 
method, and Grassmann and Hormann^® using the same technique confirm 
this. The apparent absence of a terminal amino group may be due to the 
molecule being very large, greater than 4 or 5 million ; the molecule may be 
cyclic, though this does not fit in with the general ideas on the molecular 
structure of collagen ; or the terminal group may be inaccessible.
There is the possibility that end groups may be masked by polysaccharide 
and treatment with testicular hyaluronidase was, therefore, carried out to see 
whether degradation of hyaluronic acid and chondroitin sulphate led to the
TABLE I.
C o m p o s it io n  o f  C o l l a g e n  a n d  C it r a t e -S o l u b l e  C o l l a g e n .
g. per 100 
Collagen
g. Protein 
Citrate- 
Soluble 
Collagen
N. as % Total-N.
Citrate- 
Collagen Soluble 
Collagen
T otal-N 18-60 17-70 - ■■ —
Am ino-N 04 6 0 4 9 2-5 2-7
Glycine 2 6 6 26 1 26-7 27-5
Alanine 103 100 8-7 8-8
Leucine 3-7 3-2 2-1 T9
Isoleucine 1-9 T4 T1 0-8
Valine ................. 2-5 2-3 1-6 1-5
Phenylalaline ... 2 4 2-0 11 1-0
Tyrosine  ... TO 0-5 0-4 0-2
Tryptophan — — — —
Serine ................. 4 3 4-2 3-1 3-2
Threonine 2 3 2-2 1-4 1-5
Cystine — — — —
Methionine 1 0 0 8 0-5 0-4
Proline 14 4 130 9-4 8-9
H ydroxyproline 12-8 13-6 7-4 8-2
Arginine 8 2 8-3 14-2 15-2
H istidine 0-7 0-3 TO 0-4
Hydroxylysine ... 1 2 1-3 1-1 M
L y s i n e ................. 4 0 3-6 4-1 3-9
A spartic A c id  ... 7-0 6-0 3-9 3-6
Glutamic Acid ... 11 2 110 5-1 5-9
A m ide ... 0-7 0-5 3-5 2-9
Hexosamine 0 0 5 0-01 —
Reducing Sugars 
Total . ...
0-26 001-0-03
97-0 97-1
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liberation of any terminal residues. Unfortunately, the results were incon­
clusive, for although small amounts of aspartic acid, alanine, glycine and 
threonine were found as terminal residues it was not certain whether they 
definitely arose from the removal of polysaccharide.
Aspartic acid is very readily released as a terminal residue by such mild 
treatments as heating to ôO^C for 5 minutes or treatment in urea so that this 
may be the terminal residue, if not, then the peptide bond involving this amino 
group is very labile. After treatment with alkali, aspartic acid, glutamic acid, 
glycine and alanine were found as terminal residues, and apart from the sub­
stitution of phenylalanine by threonine, the same residues were found in a 
commercial gelatin.
The liberation of a number of end groups during solution in formic acid 
is of interest in view of the use of this method for obtaining solutions of 
collagen. The results suggest that the solution obtained in this way more nearly 
resembles one of gelatin than one of collagen.
Extraction of Citrate-Soluble Collagen.
Having obtained information on the composition of adult ox collagen 
fibres, consideration was given to the composition of the more soluble colla­
genous fractions which can be extracted from skirf.
A calfskin was obtained from the slaughter house immediately after flay­
ing. The skin was shaved, cut into pieces I cm square and disintegrated in a 
Wiley Mill. The disintegrated material was extracted with 0 iM phosphate
TABLE II.
F r e e  A m in o  G r o u p s  o f  C o l l a g e n  a n d  M o d if ie d  C o l l a g e n .
a-amino Groups
m m o l./100 g
Weight con­
taining one 
residue
e-amino Groups 
groups
reacting % reacting 
m m ol./too g
Collagen ................. N o  end-groups detected 17 56
Urea-treated collagen
Aspartic acid 00 7 1,400.000 18 59
Heat-shrunk collagen
Aspartic acid 0 15 700.000
Glutamic acid 003 3,300,000 15 48
Alkali-treated collagen
Aspartic acid 0 07 1,400.000
Glutamic acid 01 7 600,000
Glycine ................. 0 4 2 240,000 17 54
Phenylalanine 0 0 4 2,500,000
Collagen dissolved in formic acid
Aspartic acid 043 230,000
Glutamic acid 0 15 700,000
Glycine ................. 06 5 150,000 17 56
Alanine 0 30 330,000
Gelatin (commercial)
Aspartic acid 02 8 350,000
Glutamic acid 0 12 830,000
Glycine ................. 05 7 180.000 17 56
T h r e o n in e ................. 0 14 710.000
Lysine content of collagen— 31 m m ol./ lOOg.
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buffer at pH 8 6 to remove interfibrillary protein and then four times with 
0 12m citrate bufi’er pH 3 6. The first citrate extract was discarded and the 
protein from the remainder precipitated by the addition of sodium chloride 
to a final concentration of 5% w/v. A gelatinous precipitate was formed which 
was purified by dissolving in slightly acidified water and reprecipitating by 
dialysis against tap water. On further extraction of a small portion of the 
macerate, the amount of nitrogen solubilised gradually fell until it reached a 
low constant value, suggesting the removal of a specific soluble protein frac­
tion rather than continued slow solution of the skin substance as a whole.
From nitrogen determinations on the total extracts it was calculated that 
a little over 5% of the total protein of the macerate was extracted by the 
citrate buffer and that a little more than three quarters of this was precipitated 
by the salt. The identity of the remaining quarter which appeared to be non- 
collagenous suggested the presence of an additional protein and further experi­
ments which will be described later, confirm this.
P roperties o f C itrate-So l u b l e C o l l a g e n.
The precipitate formed on the addition of sodium chloride to the citrate 
extracts was fibrous in appearance and when observed under the microscope 
the presence of definite fibre-like particles could be seen (Fig. 6).
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F ig. 6.
Photomicrograph of citrate-soluble collagen after precipitation with 
sodium chloride.
The staining reactions of this fibrous network were intermediate between 
those of collagen and reticulin (Table 3).
The protein was soluble in dilute acid buffers to the extent of about 0 5%, 
solubility decreasing with rise in pH and being negligible above about 6 5. 
Various workers have shown that it can be precipitated from such solution 
in a variety of ways giving fibres which, under the electron microscope, may
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show striations typical of collagen, more widely spaced striations 2000Â apart 
or no striations at all. The significance of these is not yet clear, but Gross, 
Schmitt and Highberger®”-®* in recent papers discuss some of the factors 
influencing the form in which the soluble collagenous fractions are precipi­
tated and introduce the concept of “tropocollagen”. This is considered to be 
a kinetic unit of collagen, consisting of very thin, elongated particles of length 
equal to the long spacings observed with collagen. It is suggested that aggrega­
tion of these in a particular manner produces fibrous collagen.
TABLE III.
S t a in in g  R e a c t io n s  o f  P r o c o l l a g e n .
Stain Reaction
Iodine Red brown— more deeply staining than collagen
Periodic-acid-Schiffs Faintly positive like collagen.
Azan and M allory’s Triple Dense blue like collagen and reticulin.
Stain
Haem alum and basic N ot stained, resembling collagen and reticulin. 
stains
Silver Purple to black— like reticulin rather than
collagen
Toluidine Blue N ot metachromatic.
Measurements of sedimentation rates, light scattering and rates of diffu­
sion made on solutions of acid-soluble collagen from ichthyocol suggest the 
presence of aggregates of molecular weight about 1-67x10®, probably con­
sisting of not more than three polypeptide chains®®.
On heating to 40°C for a few minutes and cooling, solutions of the citrate- 
soluble protein set to a gel, due presumably to conversion to gelatin. The 
rigidity of such a gel was kindly determined by Mr. P. R. Saunders of the 
British Gelatine and Glue Research Association and found to be appreciably 
greater than that of high grade commercial gelatins, determined under the same 
conditions. In spite of the mildness of the treatment, however, some breaking 
of the peptide bonds occurred (Table 4.). In the original protein, only very 
small amounts of aspartic acid and alanine could be detected, but in the 
gelatin formed from it, both these were increased in amount, and in addition 
glycine, glutamic acid and traces of serine and threonine were found as terminal 
residues. The amounts of a-amino groups detected correspond to a number
TABLE IV.
N - T e r m in a l  R e s i d u e s  in  P r o c o l l a g e n
As After conversion
extracted to Gelatin
 m -m oles/lOOg. protein------
Aspartic acid ............................................ 0-06 0-14
Alanine .......................................................... 0-04 0-20
Alanine .......................................................... 0-04 0-20
Glutamic Acid .......................................... — 0-17
Serine ............................................................... — 0-14
T h r e o n in e .......................................................... — trace
Molecular Weight (number average) ... 1,000,000 150,000
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average molecular weight of 150,000, a value about twice that found by Courts®* 
for alkali processed gelatins using the same method. The terminal residues 
found in the isolated protein may not be present in the native material, but 
may have been liberated during preparation.
On the whole, the citrate-soluble collagen seems to have properties mid­
way between collagen and gelatin ; the readiness with which it is precipitated 
by salts and the fibrous nature of the precipitate suggest that it is more highly 
orientated than gelatin, while its ready conversion to gelatin suggests that it is 
less heat stable than collagen.
C o m p o s it io n  o f  C it r a t e -So l u b l e  C o l l a g e n .
Amino acid analysis of the citrate-soluble collagen (Table 2) accounts for 
97 % of the total nitrogen but the sum of the amino acid residues, which should 
equal 100, only adds up to 91 6. Even if all the 3% of nitrogen unaccounted 
for was present in amino acids of high molecular weight, the total of the 
amino acid residues would still fall appreciably short of 100. This, together 
with the low nitrogen content of the citrate-soluble collagen compared with 
collagen, 17 70% compared with 18 60%, suggests the possible presence of 
4-5% of some non-protein constituent. No independent evidence of this has 
been found, however. Determination of reducing sugars and hexosamines 
indicate the presence of only very small amounts of carbohydrate.
Because of the possibility of a non-protein constituent and the low nitrogen 
content of the soluble protein, its composition is best compared with that of 
the ox-hide collagen on the basis of amino acid nitrogen as per cent of the 
total nitrogen.
The composition of the two proteins is essentially the same, though there 
are a number of small differences (see Table  2). The amide nitrogen, 
tyrosine and histidine contents of the citrate-soluble protein are lower and the 
hydroxyproline content is higher, than in collagen. The leucine, isoleucine 
and aspartic acid contents are also slightly lower than in the ox collagen. 
These differences suggest that the adult collagen fibres from the ox hide are 
associated with a protein which is relatively rich in amide, tyrosine, and 
histidine, and possibly leucine, isoleucine and aspartic acid compared with the 
citrate-soluble collagen, and which contains little or no hydroxyproline.
It is possible that this constituent is to some extent extracted together with 
the soluble collagen and represents some of the protein not precipitated by the 
addition of sodium chloride. Preliminary analysis of the corresponding protein 
fraction obtained from tendon, after particular care had been taken to remove 
the albumins and globulins of the tissue fluids, indicated that this had a high 
amide, tyrosine, leucine and aspartic acid content relative to collagen and a 
negligible hydroxyproline content.
The citrate solution, after the precipitation of the collagenous protein had 
a relatively high hexosamine-nitrogen ratio suggesting that the protein remain­
ing in solution is associated with polysaccharide.
Other workers have recently found evidence for the presence of such a 
constituent in collagenous tissues from other sources and^ ®®"®® it was, there­
fore, decided to investigate it further.
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C om position  o f Protein  F ractions E xtracted  from  C alfsk in  by D ilu te  A c id  and
A lk a lin e  Solutions*®.
A fresh calfskin was again taken as the raw material, but in order to have 
as few complicating factors as possible only the middle layer was used. In 
this way, contamination with hair roots, sebaceous glands and other extraneous 
material present in the grain layer was avoided. In order to obtain the middle 
layer, 1 inch punches from the skin were sectioned on a freezing microtome. 
The first few sections from the flesh side were discarded, and the following 
sections collected until the base of the hair roots was reached. The sections 
were transferred immediately to phosphate buffer solution pH 9 • 0, and stored 
below 5°. The skin was also stored in a refrigerator at 4° while awaiting 
sectioning. About 0 9 g wet weight were obtained from each 1 inch punch 
and in all about 470 punches were sectioned.
The sectioned calfskin was extracted with 0 1m phosphate buffer to 
remove albumins and globulins (Fig. 7). The extraction was continued until 
the nitrogen in the extract became very small, and in all five extractions were 
made. It was then extracted seven times with citrate buffer pH 3 • 7 until the 
nitrogen content of the extract was again very small. The citrate buffer was 
followed by 0 05m acetic acid adjusted to pH 2 5 with hydrochloric acid, six 
further extractions being made. The lowering of the pH caused the amount of 
protein extracted to increase slightly and then after successive extractions to 
fall again to a low value.
CORIUM
~lw r
CHraU'pH 37 
Na Cl add«4
PrccipU4>ed
~ l r  r-
Aceck Acid'pH 2*8
Piracipiutcd >nSotui
Alkall.pHIM
I f f n
F ig. 7.
Extraction o f calf skin with dilute acid and alkaline solutions.
The skin pieces were finally neutralised and extracted with several changes 
of alkali at about pH 12-12 -3.
The amount of nitrogen extracted at the various stages, expressed as a 
percentage of the total nitrogen, are given in Fig. 7. About 8-5% was extrac­
ted by the phosphate buffer, 20% by the citrate buffer, 8% by the dilute 
acetic acid and 2% by the alkaline solutions leaving an insoluble residue of
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about 60%. The collagenous protein from the acid extracts was precipitated 
by the addition of sodium chloride. Nitrogen equivalent to 0 3% and 0 2% 
of the total nitrogen of the macerate remained in solution in the citrate and 
acetic acid extracts respectively. The citrate extracts were then combined, 
dialysed to remove sodium chloride and reduced in volume. The acetic acid 
extracts were treated similarly. The volume of the solutions involved was 
large, nearly 50 litres. Dialysis was carried out in seamless cellulose tubes 
0 5 to 1 inch in diameter and 3 to 4 feet in length. These were mounted in 
glass tubes of 2^ inch diameter through which water was circulated. For con­
centrating a stream of air was blown through the tubes in place of water. In 
this way it was possible to remove upwards of 600 ml. water overnight at 
ordinary laboratory temperatures, or using four of these tubes in parallel, 2 • 5 
litres. In all, about 200 mg material was obtained from the citrate extracts 
and 100 mg from the acetic acid extracts. The alkaline extracts were each 
treated separately. They were neutralised, reduced in volume and precipitated 
with alcohol. Amounts ranging from about 300 mg in the first extract, to 36 
mg in the last, were recovered.
A m in o  A c id  C om position  o f Protein  F ractions.
Hydroxyproline and tyrosine determinations were made on a number of 
the protein fractions isolated (Table 5). These give some indication of their 
identity. The approximate collagen content of the various fractions can be 
calculated from their hydroxyproline contents (col. 5). The value of 8 22 for 
hydroxyproline-nitrogen as a percentage of collagen total-nitrogen found for 
the purified citrate-soluble collagen was used in making these calculations. 
The precipitates obtained from the citrate and acetic acid extracts are mainly 
collagen, but some non-collagenous protein appears to be carried down with 
them. The protein remaining in solution is obviously not collagen. The very
TABLE V.
H y d r o x y p r o l in e  a n d  T y r o s in e  C o n t e n t  o f  E x t r a c t e d  F r a c t io n s
Hydroxy­
proline 
N  as % 
Total- 
Nitrogen '
Tyrosine % Collagen
Citrate Extracts
Protein precipitated, Extract 2 7-95 0-19 97-0
„ 4 7-88 0-29 95-8
» 7 .. 8-15 0-26 99-3
N ot precipitated ............................. 0 1 0-56 1-2
A cetic  A c id  Extracts
Protein precipitated. Extract 2 7-47 0-30 90-6
» 4 7-73 0-28 94-2
„ 7 7-66 0-29 93-3
N ot precipitated ............................. 0-19 1-67 2-3
A lkaline Extracts
Protein precipitated, Extract 5 0-42 2-33 5-1
„ 7 0-93 0-91 11-3
„ 9 1-58 1-54 19-3
Calf skin after E x tr a c tio n ............... 7-62 0-31 92-9
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low hydroxyproline content indicates the presence of a very small amount of 
collagen, but considering the relative proportions of the two proteins present, 
the precipitation of the collagenous fraction has been remarkably complete. 
The protein fractions isolated from the alkaline extracts also appears to be 
non-collagenous, but the collagen content tends to increase as extraction pro­
ceeds.
Complete amino acid analyses of the citrate-soluble non-collagenous 
fraction and the alkali-extracted fraction have been carried out. These are 
shown in the form of nomograms in Fig 8 and compared with that of the 
purified citrate-soluble collagen.
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Comparison of amino acid composition of protein fractions extracted 
. with citrate buffer and dilute alkali.
In addition to their low hydroxyproline and high tyrosine contents, the 
amino acid composition of the non-precipitated material from the citrate 
extract differs considerably from that typical of collagenous proteins, the 
glycine, proline and arginine contents are lower, and the leucine, isoleucine, 
valine, lysine, histidine, aspartic and glutamic acids and amide-nitrogen 
contents are higher.
The alkali-soluble fraction is similar in composition but there are certain 
differences from the citrate-soluble non-collagenous fraction which cannot be 
accounted for by its greater collagen content, 5% in this particular sample. 
The arginine, histidine, leucine, isoleucine, proline and dicarboxylic contents 
are higher than in the citrate soluble fraction, and the amide content is lower.
The formation of humin on hydrolysis of the citrate-soluble non- 
collagenous protein and the alkali soluble fraction suggests the presence of 
sugars but these have not yet been investigated.
D iscu ssion
It would appear from these results that apart from the interfibrillary 
proteins and elastin, the remaining collagenous tissue of the skin is composed 
of a number of different protein fractions. First, the collagenous fractions 
which are characterised by a high hydroxyproline but which apparently differ 
in solubility ; there is the fraction which is soluble in dilute salt solutions and 
in phosphate buffer at pH 9 • 0, the fraction soluble in citrate buffer and finally 
the remaining insoluble collagenous fraction. These probably all consist
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basically of collagen proper but differ in the amount of non-collagenous con­
stituents associated with them.
Reticulin also falls into this group, exam ination with the electron micro­
scope®®"®® indicates that it consists of small collagen fibres lying in all direc­
tions in one plane and embedded in an amorphous matrix. A  recent paper by 
Windrum, Kent and Eastoe®" indicates that the protein fraction must be almost 
entirely collagen, but that it is associated with 4% of carbohydrate and 
10- 12% of bound lipid.
Gross, Highberger and Schmitt'* consider that the salt-soluble collagen, 
which appears to be the true precursor of the insoluble collagen fibres, is 
present in solution in the interfibrillary fluids, while that soluble in citrate- 
buffer is actually dissolved from the freshly formed fibres.
There appear to be one or possibly two non-collagenous protein fractions. 
The question of whether the citrate-soluble fraction consists of plasma proteins 
not com pletely removed by the phosphate arises. The way in which the 
amounts of non-collagenous protein nitrogen decrease in successive extracts 
does not suggest that this is so, and its com position, though similar, shows 
certain differences from that typical of albumins and globulins; for instance, 
the aspartic acid content is higher than the glutamic acid content.
The fraction extracted with alkali appears different again. The hydroxy­
proline content suggests it is more contaminated with a collagenous protein 
but this cannot account for the differences.
It seems likely that non-collagenous fractions are.associated with carbo­
hydrate for there was appreciable humin formation on hydrolysis.
It is possible that these fractions arise from protein-polysaccharide com ­
plexes present in the ground substance. Their removal seems to run parallel 
with reduced stability of the collageinous tissue, e.g. prolonged treatment is 
known to facilitate the conversion of collagen to gelatin. A lso  the ready con­
version of the citrate-soluble collagen to gelatin suggests that separation from  
the non-collagenous fraction reduces stability.
It is interesting to see how far the effect of this information regarding the 
soluble constituents o f skin influences present views on the pretanning pro­
cesses.
The question of the extent to which these soluble fractions should be 
removed is obviously important. It is fairly generally agreed that the inter­
fibrillary protein should be at least partially removed. This takes place to some 
extent during soaking, especially if the soak contains sodium chloride or is 
slightly alkaline. Their removal is continued during lim ing and possibly  
during bating where the enzymes will act more readily on the soluble consti­
tuents of the skin. If the skin is dried or stored in the salted condition for long  
periods, the solubility of these interfibrillary albumins and globulins w ill be 
decreased and hence their removal will be more difficult.
H ow  far ^the more soluble collagenous constituents and the non- 
collagenous protein fractions should be removed is more difficult to say and, 
of course, depends on the type of leather under consideration. A s stated 
earlier, removal of the non-collagenous fractions appears to lead to decreased
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stability. In its earlier stages this is equivalent to opening up and it is, there­
fore, alm ost certainly desirable to remove som e of this material in order to get 
proper penetration of tan. If a very flexible leather is wanted, as for exam ple 
gloving leather, then it is desirable to remove more than if a firm upper leather 
is required. Evidence suggests that the non-collagenous protein is removed  
relatively quickly from macerated skins in alkaline solutions, but, how  far this 
will be true when dealing with a whole skin in which diffusion of the protein 
will be much slower remains to be investigated. A lthough the alkali w ill bring 
it into solution it may not necessarily remove it from the skin. Here bating 
may play a part in further degrading it and so facilitating its removal.
The desirability of removing the acid-soluble collagen is not certain. The 
presence of soluble proteins in the skin in general seems to lead to sticking 
together of the fibres on drying and hence some removal m ay be advisable, 
especially with the skins o f young animals which contain a relatively high  
proportion. It would be interesting to know what effect soaking in dilute acid  
solution would have on such skins, in particular calf. The use of the old bran 
drenches containing organic acids may have had some significance in  this 
respect.
Acid-soluble collagen is reported to be more readily attacked by enzymes 
than collagen® ; som e degradation may, therefore, occur during storage. It is 
possible that the benefits attributed to keeping calfskins in the salted condition  
may be partially derived from the breakdown of this protein, and hence its 
more ready removal at later stages. Breakdown m ay also occur during bating, 
leading to further removal at this stage.
Although the amounts of the more soluble constituents which are now  
known to be present in skin are small, they have already been shown to play 
an important part in the formation, and regeneration of collagen and in  many 
of the diseases of the collagen system. It is probable that they also have an  
important influence on the behaviour of the skin during processing. In any 
event, it must be agreed that the skin is a very complicated system with which  
to deal, and that in  considering the pretanning processes, their effect on a 
variety of constituents must be taken into account.
Thanks are due to the Director and Council of the British Leather M anu­
facturers’ Research Association for permission to publish this paper.
British Leather M anufacturers’ Research Association,
M ilton Park, Egham, Surrey.
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T H E  C O M P O S IT IO N  O F  E P ID E R M IS .
B y J . H . B ow es and R . G. Elliott.
SUM M ARY.
Epidermis has been separated from ox hide by means o f treatment in 
warm water, and the amino acid composition has been determined. The 
majority o f amino acid analyses previously reported for epidermis have 
been made on material obtained from abnormal sources, such as that from 
cornified areas and from subjects suffering from exfoliative dermatitis, and 
this is the first complete analysis o f normal material which has been made. 
Epidermis is generally classified as a “ pseudokeratin,” and it differs 
markedly from the normal keratins, such as hair, in its much lower cystine 
content. It is now shown that its amino acid composition differs also in a 
number o f other respects. The relative swelling and solubility o f epidermis, 
hair, and wool in alkaline and sulphide solutions have been examined.
The epidermis consists o f  layers o f  cells, those nearest the surface o f  the 
dermis proper being alive and multiplying, and those further atvay gradually 
becom ing m ore keratinised and dying. It forms a continuous layer covering 
the surface o f  the skin and the walls o f  the hair follicles which dip down into  
the grain layer o f  the skin. Solubilisation o f  the less keratinised layers at the 
base o f  the hair follicles m ay be a contributory factor in the loosening o f  hair, 
and the removal o f  the epidermal layer is a necessary feature o f  the pre-tanning 
processes. Hence, som e knowledge o f  its com position and its properties is 
desirable for the further understanding o f  the unhairing process.
A lthough a few analyses o f  epidermis have been made in the past, they are 
incom plete, being mainly confined to the determination o f  cystine and m ethio­
nine. A lso, owing to the difficulties o f  separating normal epidermis from  the 
dermis proper, the majority o f  these analyses have been carried out on abnormal 
material such as that obtained from cornified areas or from  persons suffering 
from  exfoliative dermatitis. The possibilities o f  removing the epidermis by  
such mild treatments as soaking in sodium  chloride s o l u t i o n s ^ » o r  warming 
in water to have now  made it relatively easy to obtain appreciable
am ounts o f  normal epidermis in a reasonably pure condition. Buechler and  
Lollar^>® have carried out cystine and m ethionine determinations on such 
material ; their m ethods for determining cystine also include cysteine, and from  
the results o f  two m ethods o f  determination, they conclude that both the 
normal and homo-derivatives o f  cystine and cysteine are present. They were 
only able to account for 75% o f  the total sulphur as cystine derivatives and 
m ethionine.
From  these and other determinations it is clear that epidermis has a m uch  
lower cystine and cysteine content than keratins, and it has generally been 
classified as a pseudokeratin*. Evidence suggests that the proportion o f  
sulphydril groups decreases towards the outer, m ore cornified layers o f  the 
epidermis’* ®. W orking on the thick epidermis which can be obtained from  the 
nose o f  the cow, RudalF has shown that the thennal stability o f  the epidermis 
also varies at different levels, the inner layer (or stratum mucoswn) shrinking 
at about 65°, and the outer layer (or stratum corneum) at 80°. This shrinkage 
o f  the inner layers at 65° is no doubt related to the loosening o f  the epidermis
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from the dermis which occurs on treatment in water at this temperature. 
Rudall was also able, by dispersion in urea, to separate the epidermis into two 
major com ponents, one fibrous (with a low sulphur content) and one non- 
fibrous (with a much higher sulphur content). The relative amounts o f the 
two com ponents varied throughout the thickness, the outer layers consisting 
predominantly o f  the fibrous protein. Thus, epidermis cannot be considered 
as hom ogeneous, and variations in the proportion o f  the two com ponents 
identified by Rudall may account for the differences in sulphur and cystine 
contents reported for epidermis from different sources.
In the present investigation, epidermis has been separated from ox hide by 
treatment in warm water at 60°, and a com plete amino acid analysis carried out. 
The relative solubility o f  epidermis, wool, and hair in sodium hydroxide and 
sodium sulphide solutions has also been determined.
Experim ental Technique.
(i) Preparation of E pidermis. ,
Hide pieces were obtained immediately after flaying and cut into strips 
1 in. X 3 in. These strips were immersed in warm water at 60° for 5 m in., the 
epidermis was then peeled off in small pieces, leaving the greater part o f  the 
hair in the skin. The hair remaining in the epidermis was removed with 
tweezers, using a lens to ensure that the removal was com plete. The removal 
o f these hairs left small holes where the surrounding epidermis had been torn 
away with the hair. The epidermis obtained was stored under acetone,degreased  
with light petroleum in a soxhlet, and air dried.
(ii) Methods.
Ash®, moisture®, total-N®, amide-N®, and total-S*® were determined as 
previously described. Am ino acids were determined by the technique o f  
M oore and S t e i n ( s e e  Bowes, Elliott and Moss^®) following hydrolysis with 
6 n  HCl under reflux for 24 hr.
Cystine plus cysteine was determined by oxidation with performic acid, 
followed by separation o f  the cysteic acid formed on D ow ex 2 and its colori­
metric determination with ninhydrin^®. This method does not distinguish 
between cystine and cysteine, but allows o f  the partial separation o f  cysteic 
and hom ocysteic acids arising from cystine and hom ocystine, respectively.
Tryptophan was determined by a modification o f  the m ethod o f  Spies and ' 
Chambers^^’ ®^, both directly and after preliminary hydrolysis in n  N aO H  under 
reflux for 2 hr. 100 mg. epidermis was treated with 100 ml. 19n H 2SO 4 con­
taining 0.3 g p-dim ethylam ino-benzaldehyde and left in the dark. A  standard 
solution o f  tryptophan in the same reagent was treated similarly. After 24 hr., 
5 and 10 ml. aliquots o f  the unknown and suitable aliquots o f  the standard 
containing between 1 and 8 mg. o f  tryptophan were taken, made up to 10 ml. 
with 19n H 2SO 4 containing the ^-dim ethylam inobenzaldehyde reagent, 
0.1 ml. o f  .05% sodium  nitrite added to each and left in the dark for 0.5 hr. 
The blue colour developed was then read at 590 mp,, using a a Uvispek spectro­
photometer. A ll the epidermis had not dissolved in the 24 hr., and after a
further 72 hr. similar aliquots o f  unknown and standard were treated as before. 
A  slightly higher result was obtained. A  similar procedure carried out directly 
on an aliquot o f  the alkaline hydrolysate o f  epidermis, and compared with 
tryptophan standards similarly treated, gave an appreciably lower result. This 
was probably due to destruction o f  tryptophan ; it is reported that this occurs 
in the presence o f  cystine^®.
(iii) Water U ptake and Solution in Sodium Hydroxide and Sulphide 
Solutions.
1 g. o f  protein was placed in 100 ml. o f  sodium hydroxide solution  
pH 12.6, or in 0.1 % sodium sulphide solution pH 12.38, in a stoppered flask for 
3 days at 20°C. The protein was then filtered on a weighed sintered-glass 
crucible with gentle suction. The crucible and protein were weighed at once, 
and again after drying at 105° for 18 hr. From the weight o f  the dried protein  
and the weight o f  water lost during drying, the percentage water uptake was 
calculated. A n approximate correction was made for the am ount o f  water 
held in the interstices o f  the glass disc in the first weighing o f  the wet protein  
and crucible. This correction was 0.9 to 1.1 g, and since the total weight o f  
water held was generally between 4 and 12 g, the error due to inaccuracies in 
estim ating the correction was small. The nitrogen in solution was determined 
by the usual microkjeldahl procedure®, and the protein dissolved calculated, 
using values o f  16.60 (this paper), 16.50% and 15.6^®, respectively, for the 
nitrogen content o f  epidermis, w ool, and hair.
Experim ental Results.
(i) Separation of Epidermis.
N o  attempt was made to determine the yield o f  epidermis per lb. o f  hide, 
but it was alm ost certainly better than that reported by Beuchler and Lollar®, 
am ounts o f  the order o f  0.7 g. o f  hair and grease-free material being obtained  
from  1 sq. ft. or about 2 lb. hide. The epidermis was obtained in the form o f  
pieces about 1 cm® or less, with many small holes, corresponding to the tearing 
away o f  material adjacent to the m outh o f  hair follicles.
(ii) A mino A cid A nalysis.
The values obtained for the to ta l-N  and total-S  are alm ost identical with 
those reported by Beuchler and Lollar®>® for similar material. Rather lower 
values for nitrogen have been quoted by other workers for cornified epithelium, 
together with appreciably higher values for total-sulphur (see Table I).
The amino acid com position o f  epidermis expressed in various ways in  
given in Table I and is compared with determinations made by other workers 
at various times.
Only 89 % o f  the to ta l-N  has been accounted for. N o  other unidentified 
peaks were observed in the M oore and Stein chromatographic procedure and 
this low  recovery may be due to greater destruction o f  serine and threonine, 
than takes place with other proteins, low  recovery o f  tryptophan, or over-all 
losses o f  am ino acids. It may be noted that the recent analysis o f  hair keratin
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TABLE n .
C o m p a r is o n  o f  t h e  C o m p o s it io n  o f  E p id e r m is  w it h  Va r io u s  T y p e s  o f  K e r a t in .
g per 100 g. dry protein.
Epidermis Wool Hair Horn Feather
Component (this (sheep) (human) (cattle) (chicken)
paper) taken from Ward and Lundgren”
Total— N ... 16 60 16-2-16-9 15-5-16-9 14-8-16-9 15 0-16-2
T otal—S 0 77 3 0 -  4 0 5 -0 -  5-2 3 -8 -  3-9 2-9
Glycine ... 10-36 5 2 -  6-5 4 -1 -  4-2 9-6 7-2
Alanine 4-32 3 4 -  4 -4 2-8 2-5 5-4
Valine................ 3 34 5 0 -  5-9 5-5-(5-9) 5 -3 -  5-5 8 -3 -  8-8
Leucine 8-33 7 6 -  8 -1 6-4-(8-3) 7 -6 -  8-3 7 -4 -  8-0
Isoleucine 3-31 3 1- 4-5 ( 4 - 7 ) -  4-8 4 -3 -  4-8 5 3 -  6 -0
Phenylalanine 3 99 3 4 -  4 -0 2 -4 -  3-6 3 2 -  4-0 4 -7 -  5-3
Tyrosine 4-70 4 0—6-4 2 -2 -  3-0 3 -7 -  5-6 2 -0 -  2-2
Tryptophan ... 0-95 1 8 -  2-1 0 -4 -  1-3 0 -7 -  1-4 0-7
Serine ... 11-51 7 2 -  9 5 7-4-10-6 6-1 4 -4 -  4-8
Threonine 4-33 6 6 -  6-7 7 -0 -  8-5 6-1 4 -4 -  4-8
Cystine 1-54 11 0-13-7 16 6-18-0 10-5-15-7 6 -8 -  8-2
Methionine ... 1-64 0 5 -  0-7 0 -7 -  1-0 0 -5 -  2-2 0 -4 -  0-5
Proline 2-73 5 3 -  8-1 4-3-(9-6) 8-2 8-8-10-0
Hydroxyproline ... not found ------ — — —
Arginine 5-65 9 2-10-6 8-9-10-8 6-8-10-7 6 -5 -  7-5
Histidine 1-62 0 7 - 1 - 1 0 -6 -  1-2 0 -6 -  1-1 0 -3 -  0-7
Hydroxylysine ... not found — — — —
Lysine 5-22 2 8 -  3-3 1-9 - 3-1 2 -4 - 3-6 1-0 - 1-7
Aspartic Acid 9-49 6 4 -  7-3 3 -9 -  7-7 7 -7 -  7-9 5 -8 -  7-5
Glutamic Acid ... 15-30 13 1-16-0 13-6-14-2 13-8 9 -0 -  9-7
Amide 0-92 1 10-1-37 1-17 1-14 1-09
by Lucas and Long^®, using microbiological methods, also accounted for only 
93 % o f the total-N  as amino acids and amide.
All the sulphur is accounted for as cystine or methionine. This is contrary 
to the findings o f Buechler and Lollar^>® who were only able to account for 
about 76%. The present figures for both cystine derivatives and methionine 
are, however, rather higher than the figures reported by these authors. The 
shape of the cysteic acid peak obtained in the chromatographic procedure does 
not indicate the presence o f homocystine in addition to cystine as was suggested 
by Buechler and LoUar®.
Footnotes to Table I.
(a) Wilson and Lucas, J. biol. Chem., 1927, 73, 543. Human skin.
(b) Giroud, Bulliard, and Giberton, C.R. Soc. b io l, Paris, 1929,100, 1024. Horse burr.
(c) Wilkerson, J. biol. Chem., 1934, 107, 377, Stratum corneum o f foot from human
with exfoliative dermatitis. 
i_d) Echstein, Proc. Soc. exp. Biol. & M ed., 1934/5, 32, 1573. From human.
(e) Block, J. Cosmetic Chem., 1951, 2, 235. Cornified epithelium from foot.
( / )  Wilkerson and Tulane, J. biol. Chem., 1939, 129, 477—as (c).
(g) Eichelberger and Roma, J. invest. Derm., 1949, 12, 125. Epidermis o f  dog, 
removed by warm water.
(/;) Buechler and Lollar, J.A .L .C .A ., 1949, 44, 359. Bovine epidermis separated by 
warm water.
(/) Buechler and Lollar, J.A .L .C .A ., 1950, 45, 503. As (/i) .
O') Van Scott and Flesch, Science, 1954, 119, 70. Layers o f plantar skin.
{k) Rudall, “ Advances in Protein Chemistry,” 1952, 7, 253. Cow nose corneum. •
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TABLE III.
W a t e r  U p t a k e  a n d  So l u t io n  o f  E p id e r m is , H a ir  a n d  W o o l  in  So d iu m  H y d r o x id e
AND S u l p h id e  S o l u t io n s .
Epidermis 
W ool ... 
Hair ...
Sodium Hydroxide Sodium Sulphide
Final pH g Water Protein Final pH g Water Protein
solutions per 100 g. dissolved. o f per 100 g. dissolved.
protein % solutions protein %
12-21 1798 23-5 12-07 2876 43-0
12-28 339 1-6 12-14 708 36-4
12-31 163 0-68 12-22 503 9-6
Values obtained by other workers for certain of the amino acids are given 
in the last column of Table I. The epidermis used was from a variety o f sources, 
in many cases from cornified areas, such as the foot or from cases o f exfoliative 
dermatitis, and the values are not, therefore, necessarily representative o f normal 
epidermis. The values for cystine and methionine, which are the greatest in 
number, vary considerably and are almost certainly influenced by the source of 
the epidermis and its method of separation, e.g., the highest values of 2.3% for 
cystine and 2.4% for methionine were obtained on cornified epithelium.
(iii) Water U ptake and Solubility in A lkaline Solutions.
The relative water uptake and solution of epidermis, wool, and hair in 
sodium hydroxide and sulphide solutions are given in Table III. The swelling 
and solubility o f epidermis in sodium hydroxide solutions is very much greater 
than that of either wool or hair: this is probably due to its much lower cystine 
content. Hair, with the highest cystine content, swells less and is less soluble 
than wool. The water uptake and solubility of all three proteins are much 
greater in sodium sulphide than in sodium hydroxide solutions at the same pH 
value. This increase is presumably due to breakdown o f the disulphide link, 
and is least marked with epidermis in which the cystine content is relatively low.
Discussion.
Epidermis cannot be regarded as a homogeneous protein, as it is well 
known histologically that its structure changes throughout its thickness, the 
inner layers consisting of living cells and the outer layers o f more cornified 
material. The proportion of — S— S— compared with SH groups also increases 
with increasing distance from the dermis’ -^ ®.
However, it is o f general interest to have an over-all amino acid analysis 
of the epidermis as it separates from the skin in normal animals, not only for 
comparison with that of hair, wool, and other keratins, but also as a basis for 
comparison with similar material obtained from animals with skin troubles 
involving the epidermis. A study o f the composition o f epidermis from differ­
ent species would also be o f interest.
The composition o f epidermis obviously differs appreciably from that of
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typical keratins such as wool, hair, and horn (see Table II); not only is the 
cystine (cystine and cysteine) very much lower, but there are appreciable 
differences in certain of the other amino acids; the methionine and glycine 
content is higher than that of the majority of keratins, and in this respect 
epidermis most nearly resembles horn. The lysine, aspartic acid, and histidine 
contents are higher than that o f the hard keratins ; while the proline, threonine, 
and to a lesser extent the valine and arginine, values are lower. The most 
important difference between epidermis and keratins such as wool and hair is 
its much lower cystine and cysteine content. Since a large proportion o f thiol 
groups are considered to be present, this means that there can be relatively few 
disulphide bonds. This presumably accounts for the much greater swelling 
and solubility of epidermis compared with wool and hair, while its less organ­
ised structure makes it more soluble than collagen. For these reasons, epider­
mis will be preferentially dissolved in the pre-tanning processes; solution o f the 
epidermal layer lining the hair follicle is probably one of the factors involved 
in the loosening o f the hair and wool. It is probably mainly by this mechanism 
that wool or hair is loosened by the action o f alkalis alone, such as sodium 
hydroxide and ammonia. In the presence of sulphide, breakdown o f disulphide 
bonds occurs and the swelling and solubility o f wool and hair is increased to a 
greater extent than that o f epidermis. Under these circumstances, the hair 
shaft is attacked, and loosening of the hair is then due to degradation o f the 
hair root and shaft. After the skin has been salted or dried, the inner layers of  
the epidermis are no longer sufficiently soluble for the hair to be loosened 
satisfactorily by alkalis alone, and sulphide is necessaryy to attack the disul­
phide bonds o f the hair or wool root.
Thanks are due to the Director and Council o f the British Leather Manu­
facturers’ Research Association for permission to publish this paper.
British Leather Manufacturers Research Association,
Milton Park,
Egham, Surrey.
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FORMALDEHYDE TANNING. 
Part I .—The Combination of Formaldehyde with Collagen, 
Keratin (H air), and Silk Fibroin. 
By Joane H . Bowes and Winnifred B . Pleass.
(R ep rin ted  from  th e  J . I . S . L . T . C . ,  1939, 23 , pp. 365 to  385).
Introduction.
Many different types of raw material destined for various purposes are 
treated with formaldehyde either alone or in conjunction with some other 
tanning material.
Formaldehyde tanning produces a white leather similar in appearance 
to that of an alum tanned shin. It has one great advantage, however, over 
this tannage, in that it is more resistant to the action of water and for this 
reason it is generally used when a white washable leather is required, as for 
gloves. For soft washable leathers it is becoming increasingly common first 
to tan the skin with formaldehyde and then to oil dress. White military 
leathers may be tanned either with formaldehyde or alum, but since these 
are liable to have to withstand the action of moisture, alum tanning is not 
so satisfactory as formaldehyde tanning.
Formaldehyde is also used for tanning fur skins. Formaldehyde tanning 
is usually followed by an oil dressing in order to increase the strength and 
‘ run ’ of the fur skins. Sheepskins in the wool are also sometimes tanned 
with formaldehyde but it is very difficult to treat the skins so that the grain 
and epidermis are sufficiently soft and pliable when tanned in this way.
Formaldehyde has occasionally been used as a pre-tanning agent for 
heavy vegetable tanned leathers. The object of this pre-treatment is to 
increase the rate of penetration of the vegetable tan and according to Houben 
(1934) may be given so as to fix the limed pelt in the plumped condition or 
alternatively may be given to the pelt after deliming. Previous treatment 
with formaldehyde has an effect similar to deamination and causes vegetable 
tannins and chromium to be taken up less readily. Gerngross and Poser 
(1922) point out this inhibitory effect and advise caution in the use of formal­
dehyde on this account. It is this effect, however, which is the basis of the 
pre-treatment, since it gives a method of lessening the astringency of tan 
liquors on the skin, enabling the treated pelt to be placed in more concen­
trated liquors, thus shortening the tanning process.
Formaldehyde tanning is usually an empirical process carried out by 
following some recipe, one of the most common being the Pullman-Payne 
process (1898). Little appears to be known of the many factors which may 
influence the tanning process and thus alter the character of the finished 
product. A number of papers have appeared in the literature, however, 
dealing with the reaction between formaldehyde and amino acids and 
proteins.
Section I .— Chemistry of the Tanning Action of Form aldehyde.
Protein molecules consist of amino acids united together by means of 
their carboxyl and a amino groups to form a backbone of peptide groups with 
side chains protruding. The side chains may contain polar groups which 
vary in character with the different proteins. Free amino groups are present 
in some of the side chains in all proteins, but although the number varies 
with the protein it is never large. The free amino groups are mainly derived 
from the residues of the diamino acids, lysine and arginine, and are also 
present as terminal groujjs of the backbone.
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Tlie pülype])ti(le backbone and side chains of lysine and arginine residues 
are '^hown diagratnalically in Fig. 1.
It is now fairly generally agreed that proteins may be regarded as forming 
zwilterions (i.e. ions carrying both positive and negative charges), by the 
siimiitaneous ionisation of the basic and acidic groups. Harris (1926) and 
Harris and llirch (1930) have shown that only the zwitterion theory can 
account for the titration curves of amino acids, polypeptides and proteins. 
According to this theory proteins exist under almost all conditions as zwit- 
terions, the degree of ionisation of any one group being determined by the 
pH value.
At the iso-electric point the proteins carry equal numbers of positive and 
negative charges and the simplest case may be represented as-: —
NH3+
P
-  \ o o -
In acid solution proteins form salts with acids, and the ionisation of the 
carboxyl group is suppressed. For instance, in the case of hydrochloric acid, 
the protein forms chlorides by electrovalent links at its amino groups.
NH3+ NH3+ Cl-
+  HGI  p '
\  \
COO- COOH
conversely in alkaline solution.
N H .+  N H ,
p '  +  N aOH---------> 4- H ,0
\ o O -  - \ o O -  Na+
The tanning action of formaldehyde is generally considered to depend 
on its power of uniting with the amino groups present in collagen, although 
other groups may also be involved. Experiments both with amino acids and 
also with proteins by Schiff (1900-1902) and other workers have resulted in 
the general acceptance of the theory 'that combination occurs at the amino 
groups with the formation of methylenimino groups: —
N H , N = C H ,
-t- HGHO ------^  R  +  H ,0
GOO- Na+ COO- Na+
Later workers, however, have suggested a slight modification of this 
reaction. For instance, Balson and Lawson (1936) have suggested the 
following mechanism : —
N H , NHGH,OH
R  +  HGHO  R
' ^ 0 0 “  Na+ GOO- Na+
In either case, the basic amino groups are converted into neutral groups, 
causing an increase in the acid character of the protein, and a consequent
shifting of the isoelectric point towards the acid range. Gerngross and S t .  
Bach (1922 and 1923) report that treatment with formaldehyde shifted the 
isoelectric point of gelatin from pH 4.75 to 4.3 in one experiment and from 
pH 5.05 to pH 4.6 in another experiment. In the case of hide powder the 
isoelectric point was shifted from 4.8-5.6 to 3.8-4.2 (Gustavson, 1929).
In practice, formaldehyde tanning is always carried out in alkaline 
conditions. From theoretical considerations chemical combination would be 
expected to take place more readily at higher pH values since it would be 
expected that formaldehyde would more readily react with the uncharged 
than with the charged amino groups. As the pH value is increased, greater 
proportions of the amino groups in the lysine and arginine residues and also 
at the ends of the polypeptide chains of the proteins become uncharged and 
therefore more readily available for reaction with formaldehyde.
An increase in the amount of formaldehyde fixed with an increase in 
pH value has been reported by a number of workers and has also been 
observed in this investigation. If, however, formaldehyde only combined 
with the free amino groups as shown in Fig. 1, comparatively small amounts 
would be fixed by proteins (see Table II). I t  is generally agreed that on 
prolonged treatment collagen is able to fix more formaldehyde than can be 
accounted for in this way. There are two possibilities, either that more than 
one molecule of formaldehyde can be fixed by each amino group, or that 
other groups in the protein molecule are able to combine with formaldehyde 
under suitable conditions. Considering the first possibility, although Berg- 
mann (1923) has shown that glycine ethyl ester will react with three molecules 
of formaldehyde in the following manner: —
H 0 CH,
3HCH0 + CH,COOC,H, -----> H,C CH,COOG,H,
^  i  CH,
this compound is not very stable and with loss of formaldehyde is converted
into the methylenimino compound of Schiff. It seems unlikely, therefore,
that each free amino group in a protein would form a stable compound with 
more than one molecule of formaldehyde.
The second possibility is certainly more probable since evidence of 
formaldehyde combining with imino or sulphydril groups can be brought 
forward. Evidence of the possibility of combination at the peptide group 
can be drawn from the work of Cherbuliez and Feer on diketopiperazine. 
They suggested the following reaction which was later confirmed by Berg- 
mann (1923-1924).
NH N—GH,OH
0 = ( / ^ H ,  4- 2HGH0 -------  ^ 0 = d ^ 3 H ,
h J  i:=o H ,i c = o
\ /  \ /NH N—CH,OH
similar to peptide groups found in proteins
4
As evidence of the possibility of the combination of formaldehyde with 
jn'oteins at the sulphydril group tlie work of Eatner and Clark (1937) may be 
quoted. These workers have shown that in the case of cystine derivatives 
combination with formaldehyde takes place at the sulphydril group more 
readily than at the amino group. In the case of cysteine this reaction is 
followed by ring closure.
C H — KH C H — S— C H ,O H  C H — S
( ’H N I I ,  +  H G H O  ------ ^  GH— N H ,  ^  CH— N H  +  H , 0
COOH COOH COOH
In the presence of formaldehyde cystine in hair or wool tends to be 
reduced to cysteine. The sulphydril groups will then probably combine with 
formaldehyde.
It seems, therefore, probable that the tanning of collagen by formal­
dehyde, in addition to combination at the amino groups, may involve reaction 
with imino groups in the side chains or at the peptide groups, while in the 
case of hair or wool combination probably takes place at the sulphydril groups 
also.
There is evidence that, although the reaction between proteins and 
formaldehyde is fairly rapid at first, prolonging the time of reaction causes 
increased quantities of formaldehyde to he slowly fixed. Stiasny (1936) has 
suggested that in formaldehyde tanning two reactions are involved, a rapid 
reaction with amino groups and a slow reaction with the more numerous 
peptide groups. As has already been discussed the extent to which the amino 
groups react with formaldehyde will depend on the pH value of the solution, 
but there are many other factors which are known to influence the total fixa­
tion by the protein, in particular, temperature, time and concentration of 
formaldehyde.
An examination of some of the papers published shows that the amount 
of formaldehyde fixed by proteins varies widely, chiefly owing to the different 
exjierimental conditions employed (see Table I). In the majority of cases 
the amount of formaldehyde taken up by the protein has been estimated by 
analysis of the solution before and after use. This method is open to error 
owing to the quantity of formaldehyde dissolved in the solution in the inter­
stices of the protein and also to the volatility of formaldehyde and the conse­
quent ease with which this may be lost during the time of treatment. This 
probably accounts for the very high values obtained by Moeller (1921) for the 
amount of formaldehyde taken up by hide powder. Since he used very high 
concentrations of formaldehyde over a long period of time, it is probable 
that quite a considerable amount of formaldehyde was lost from the solution, 
other than that taken up by the protein. In his case the hide powder was 
given a short pre-treatment with the formaldehyde before treatment with 
the concentrated solutions for longer periods. H e considers that chemical 
combination is only involved in the pre-treatment and that the second process 
is one of adsorption.
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Thomas, Kelly and Foster (1926) in a paper presenting their results give 
a comprehensive review of the literature published on the subject prior to 
this date. These autliors have measured tlie amount of formaldehyde fixed 
by gelatin and hide jiowder by estimation of the loss of formaldehyde from 
the solution and by analysis of the “ tanned ” material. Tlie difference 
between the protein as estimated by Kj eld aid nitrogen and the weight of 
tanned protein was taken as formaldehyde. They find that the amount fixed 
increased with the alkalinity and also with the concentration of the formal­
dehyde solution employed. The greatest fixation was obtained between pH
6 and 9 and the presence of high concentrations of salt increased the rate at 
which this occurred. The results were rather erratic with hide powder owing 
to hydrolysis taking place, but the tanning effect was greatest between pH
7 and 9.
Gerngross and Gorges (1926) measured the degree of tannage by the 
resistance of the tanned hide powder to hydrolysis in hot water. They found 
a 25 i e^r cent, increase in resistance to hydrolysis between pH 4 and 7, 
followed by a further sharp increase to a maximum value at pH 8.7. Above 
pH 9 there was a marked hydrolysis of the hide powder.
More recently Theis and Schaffer (1936) have made measurements of 
the shrinkage temperature of formaldehyde leatlier tanned under various 
experimental conditions and have employed this method as a means of assess­
ing the degree of tannage. The raw material was pickled calf skin, depickled 
and adjusted to the required pH before tanning. Their results showed that 
tanning action, as indicated by rise in the shrinkage temperature, increased 
with time, concentration of formaldehyde, temperature and pH value of the 
solution. No further increase in shrinkage temperature was observed after 
6 hours when the concentration of formaldehyde was 1.5 per cent. It is 
possible that this apparent equilibrium indicates the completion of the 
reaction with the amino groups. Above 2 per cent, concentration of formal­
dehyde there was little further increase in the shrinkage temperature. There 
was little or no tanning action below pH 5.0, but an increase to pH 7.0 
caused a marked increase in the shrinkage temperature. These workers also 
studied the effect of the presence of sodium acetate, formate, sulphate, thio- 
sulphate and chloride in the tanning solution. Comparing the initial pH  
values of the solutions and the increase of shrinkage temperature, they con­
cluded that all, with the exception of the chloride, increase the shrinkage 
temperature, the acetate and the formate being the most effective. It will 
be observed, however, that if the final pH values are plotted against the 
increase in shrinkage temperature, the presence of these salts slightly 
decreases the shrinkage temperature. The apparent increase inferred by 
Theis and Schaffer was probably due to the buffer action of these salts. 
The presence of sodium chloride and sulphate, especially the latter, was 
found to reduce the tendency to give a cracky grain.
Casaburi and Cantarella (1987) have extended this work to the tanning 
of pickled lambskins and have arrived at similar conclusions. The shrinkage 
temperature was again taken as a measure of the degree of tanning and the
experimental conditions were carefully controlled. Equilibrium was reached 
after hours, whereas Theis and Schaffer found that equilibrium was not 
reached for 6 hours. The concentration of formaldehyde used was, however, 
sliglitly higher, viz., 2 per cent., as compared with 1.5 per cent, used by 
Theis and Schaffer, but it is probable that the more rapid attainment of 
equilibrium was due to the difference in the nature of the calf and lamb pelts, 
rather than to the difference in the concentration of formaldehyde. Casaburi 
and Cantarella also studied the effect of the presence of sodium citrate in 
the tanning solution and found that the use of concentrations up to 2 per 
cent, caused an increase in the shrinkage temperature.
Other workers have also studied the effect of salts on the tanning action of 
formaldehyde. Gerngross and Gorges (1926) suggest that excessive swelling 
of the hide fibres in alkaline solution is harmful and that the presence of salt 
is necessary to reduce the swelling.
In order to have a better understanding of the process of formaldehyde 
tanning a comprehensive study of the various factors which influence the 
reaction has been undertaken. The present paper deals with the influence of 
the pH value of the solution. Chemical estimations of the amount of formal- 
deliyde flxed by collagen, hair or silk at different pH values have been made, 
all other influencing factors being kept as nearly constant as possible. 
Collagen and keratin were chosen as being the two chief proteins occurring in 
skin, and silk fibroin was chosen as an example of a protein having a simple 
and comjaict structure with comparatively few free amino and carboxyl 
groups.
One of the main difi&culties of formaldehyde tanning as it is now carried 
out, is the prevention of the occurrence of cracky grain when skins are tanned 
in the wool or fur. Hair is representative of the protein occurring in the 
epidermal layer, and it was hoped by comparison of the fixation of formal­
dehyde by hair and collagen under the same conditions, to discover the cause 
of this cracky grain. Formaldehyde tanning of flesh splits is a compara­
tively simple process, but it is very difflcut to tan satisfactorily full grain 
skins, even when the hair and epidermis have been removed during liming. 
Thus there are two special problems, that of tanning the grain in a skin 
which has been unhaired and also the tanning of the grain and epidermis in 
a skin which is to he finished in the wool or fur.
Section I I .— Influence of the pH  value on the Combination of Form aldehyde 
with Collagen, Keratin (H air) and Silk Fibroin.
(i)  E x p e r im e n t a l  M e t h o d s .
Collagen, which had been purified and acetone-dehydrated (for de t^ails 
see Pleass, 1929), was selected for this work since a uniform stock of 
raw material, which would be sufficient in amount for the whole investigation, 
was required. Before treatment the dehydrated collagen was cut into strips 
about 0.5 cms. in width and 4 cms. in length. The goat hair was kindly 
supplied by Messrs. J. Salomon & Co. The hair was clipped from the skins, 
washed thoroughly in running tap water and rinsed in distilled water. When 
clean, the hair was degreased and dehydrated in acetone, followed by light
petroleum and then air dried. Natural unspun silk after degumming was 
kindly supplied by the Colton Research Association.
In each case 5 g. air dry protein was weighed into a stojypered bottle and 
200 c.c. of the experimental solutions was added. Solutions covering a wide 
range of pH values (1-11) were used. The initial concentration of formal­
dehyde in all these solutions was the same, namely, 0.8 g. formahleliyde per 
100 c.c. Tanning w as carried out at room temperature for 48 hours. The pH 
values of the solutions before and after use were determined colorimetrically 
and whenever practicable (i.e. except at high alkalinities), also by the glass 
electrode method.
The following method, based on Enmijn’s method, was used for the 
estimation of the formaldeliyde which had been taken up by the protein. 
The protein was removed from the experimental solution and thoroughly 
washed on a filter pump with a solution at the same pH as that of the 
experimental solution after use. The formaldehyde in the protein imme­
diately after washing was estima ted and in another series of experiments the 
protein was dried for 6 days at 70 per cent, relative humidity before the 
estimation of the formaldehyde was carried out. In both series the protein 
was acidified with 40 c.c. N  suljdiuric acid and the formaldehyde was driven 
off by steam distillation througb a condenser into a water-cooled flask. It 
was found that in order to recover all the formaldehyde it was necessary to 
collect 500 c.c. of distillate. After well mixing the first 500 c.c. of distillate, 
100 c.c. was placed in a stoppered flask and mixed with 25 c.c. N  sodium 
hydroxide and 20 c.c. At/5 iodine. After one minute 40 c.c. N  sulpliuric acid 
were added and after a furthei" 5 minutes the excess of iodine was back- 
titrated with At/10 thiosulphate. Standard At/10 thiosulphate was prepared 
and the concentration of the iodine solution was checked frequently, following 
the above technique. The amount of formaldehyde recovered from the pro-  ^
tein was calculated from the volume of iodine which had combined with the 
formaldehyde, 1 c.c. of 0.2 N iodine solution being equivalent to 0.003 g. 
of formaldehyde:
H G H O  4- I,, +  H , 0  =  2 H I  4- PICOOH
The moisture content of the collagen, hair and silk was determined by 
drying to constant weight in a vacuum oven at 100°Ck, and all results have 
been expressed on the weight of protein after drying.
( i i )  C o m b in a t io n  in  U n b u f f e r e d  S o l u t i o n s .
In this series of experiments, the pH values of the solutions were 
adjusted by means of hydrochloric acid and sodium hydroxide. Both initial 
and final pH values were determined, but when representing the results 
graphically only the final pH values have been considered. Since the solutions 
were unbuffered the pH values shifted appreciably towards the iso-electric 
point of the protein except in strongly acid or alkaline conditions.
The amounts of formaldehyde present in the un dried proteins are shown 
in Fig. 2. These figures will obviously include the formaldehyde in chemical 
combination with the protein, together with any which may be dissolved in 
the water present in the interfibrillary spaces.
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Unbuffered solutions—wet proteins
It can be seen from the graph that the silk has only taken ujd a small 
amount of formaldehyde, even after treatment at high pH values. Between  
pH 7 and 12, however, the amount' of formaldehyde taken up does increase 
slightly. Hair, after treatment at low pH values, takes up more formalde­
hyde than silk and above pH 4, the amount taken up gradually increases 
until at pH 12, 100 grams hair takes up 2.2 grams formaldehyde, while 100 
grams silk only takes up 0.5 grams. In the case of collagen there is a well 
defined maximum in the curve at about pH 1.5 followed by a minimum at 
pH 3.5. From pH 8.5 to pH 5 the curve rises, after which it is fairly flat, 
until at pH values above 11 the curve rises steeply. This curve is similar 
in shape to the corresponding swelling curve, though the minimum in the 
curve for the amount of formaldehyde taken up by collagen lies in the region 
of pH 3.5, while the maximum on the acid side lies at about pH 1.5. These 
values are appreciably lower than the respective minimum and maximum  
swelling points. The depression in the curve which occurs at about pH 11 is 
probably real since a similar depression also occurs in the swelling curve 
(Jordan Lloyd, IMarriott and Pleass, 1933). The samples of collagen which 
had been treated in solutions at pH values between 0.5 and 2.5 were obviously 
plumped. This fact, in conjunction wtih the resemblance between the com­
bination and swelling curves suggests that in addition to the formaldehyde 
combined with the protein, there is also a considerable amount of formalde­
hyde present in solution in the fluid retained by the interfibrillary spaces of
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the collagen. The greater the degree of plumping, the greater the amount 
of formaldehyde which will be held in this way.
Hair undergoes little plumping (Jordan Lloyd and Marriott, 1934) and 
hence the apparent increase in the formaldehyde taken up at low pH values 
is only slight Apart from this difference collagen and hair behave rather 
similarly, but the actual amount of formaldehyde taken up by the former is 
greater at all pH values. At pH 11.8, collagen takes up 3.9 per cent, formal - 
dehyde, as compared with about 2.2 per cent, in the case of hair.
The quantity of formaldehyde retained by the proteins after drying for 
6 days at 70 per cent, relative humidity is shown in Fig. 3. One would expect 
that most of the formaldehyde which was only dissolved in the fluid in the 
interfibrillary spaces of the wet proteins would volatilise on drying and hence 
the formaldehyde which has been estimated in the dry proteins may be con­
sidered to be chemically combined. The difference between the correspond­
ing curves in Fig. 2 and Fig. 3 represents the amounts of formaldehyde which 
were not combined with the wet proteins. Silk only absorbs a small propor­
tion of water at any pH value (Jordan Lloyd and Marriott, 1933). Hencé, 
as would be expected, the loss of formaldehyde on drying is very small and 
the curves for silk in Figs. 2 and 3 are almost identical. The loss of formalde­
hyde during the drying of the hair was greater than the loss from the silk, 
but appreciably less than the loss from the collagen. This is in accordance 
with what would be anticipated from the fact that the water absorption of 
hair is slightly greater than that of silk but considerably less than that of 
collagen. The curves for the formaldehyde retained by hair and collagen 
after drying lie very close together, indicating that the amount combined by 
these two proteins is similar, but the amount of fluid containing formalde­
hyde held in the interfibrillary spaces of the wet protein is much greater in
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the case of collagen than hair. At pH values below 8 the gradients of the 
curves for dry hair and collagen are low but indicate that even in very acid 
conditions some formaldehyde is fixed. (At all pH values below 8, less than 
1 g. formaldehyde! fs fixed per 100 g. protein, while at pH values below 1 
only 0.5 g. formaldehyde is fixed). Above pH 8 the increase in the amounts 
of formaldehyde taken up with increasing pH values of the solutions is more 
rapid in the case of hair than in the case of collagen, and it is not until pH
11.8 is reached that the collagen again fixes as much formaldehyde as hair, 
namely, about 2 grams formaldehyde per 100 grams protein.
At pH values between 4 and 11, the collagen dried out in a condition 
similar to that of the acetone dehydrated hide before treatment, while at 
pH values above 11 the grain tended to become cracky. At pH  values below 
4 the collagen dried out in a hard and horny condition suggesting that the 
collagen was not tanned.
( i i i )  C o m b in a t io n  i n  S o l u t io n s  B u f f e r e d  w i t h  U n iv e r s a l  B u f f e r .
The same procedure was followed as in the first series of experiments 
except that the solutions were buffered with The British Drug H ouses’ 
" Universal Buffer.” This buffer consists of a mixture of phenyl acetic, 
phosphoric and boric acids. The pH values of the solutions were adjusted 
by means of hydrochloric acid and sodium hydroxide. The amounts of 
formaldehyde fixed by the proteins after treatment at pH values ranging from 
1 to 11 are represented graphically in Figs. 4 and 5. Fig. 4 gives the values
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obtained after wasliing only and Fig. 5 the amounts of formaldehyde present 
after washing and drying out for 6 days at 70 per cent, relative humidity.
The curves for silk in both Figs. 4 and 5 are similar to the curves for silk 
in Figs. 2 and B and indietite that, as in the unbuffered solutions, in the pre­
sence of “ Universal Buffer " silk ordy combines with a small amount of 
formaldehyde. At pH 11, lOO g. silk cond)ines with about 0.4 g. formalde­
hyde, but as the pIT value is reduced the amount of formaldehyde combined 
is also reduced until at pIT values below 2 tlie amount is almost negligible.
The curves relating to hair in Figs. 2 and 4 show that fairly similar 
amonnts of formaldeliyde are taken up in unbuffered and in buffered solutions, 
but the curves for collagen present more marked differences. As has already 
been discussed the curve for formaldehyde retained by the wet collagen is 
influenced to a marked extent by the amount of solution absorbed. The 
amount of formaldehyde retained but not combined with the wet collagen 
may be ascertained by comparison of curves on Figs. 4 and 5. The curves 
for the dried hair in Figs. 3 and 5 are similar below pH 8, but hair treated 
in buffered solutions contains slightly less formaldehyde than that treated in 
unbuffered solutions at pH values above 8.
The curves for collagen on Figs. 8 and 5 indicate that in acid solutions 
collagen combines with rather less formaldehyde in the presence of Universal 
Buffer, while above the isoelectric jooint collagen combines with more formal­
dehyde in the presence of Universal Buffer than in unbuffered solutions. At 
pH 10, 100 grams collagen treated in buffered solutions combines with 1.8 
grams formaldehyde while in unbuffered solutions it only combines with 1.2 
grams.
With regard to the condition of the collagen after treatment it was found 
that at pH values below 4 the collagen was very much plumped and dried
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out hard and horny. Above pH 4, in no case was the grain found to be 
cracky, even after treatment in the most alkaline solutions.
( i v )  COMIUNATION IN SOLUTIONS B U F F E R E D  WITH SoD IU M  CARBONATE.
In this series of experiments tlie same concentration of formaldehyde was 
used as in the previous experiments, but solutions containing varying amounts 
of sodium carbonate, viz., 0, 0.025, 0.05, 0.075, 0.1, 0.125, 0.15, 0.25,
0.5, 1.0 and 1.5 per cent. Na^COg, were used. As before, the final pH values 
of tbe solutions after use have been plotted against the amount of formalde­
hyde estimated in the undried and in the dried protein (Figs. 6 and 7).
Tbe curves indicate that in the presence of sodium carbonate silk only 
combines with a small amount of formaldehyde, and the slight differences in 
the curves for the dried and un dried silk indicate that a negligible amount 
of formaldehyde is held in the interfibrillary spaces in the wet protein. The 
pH value of the solution has only a slight influence on the amount of 
formaldehyde combined, but the amount combined does increase slowly with 
increase in pH values. The curves are similar to those for silk in the two 
systems studied previously.
The curves for hair shown in Figs. 6 and 7 indicate that as the pH rises 
with increasing concentration of sodium carbonate the amount of formalde­
hyde fixed increases, but tbe increase is not marked until the pH value rises 
above 10. Collagen takes up considerably more formaldehyde and combines 
with slightly more formaldehyde than hair. The curves for both proteins are 
similar in general shape, but in the case of collagen the marked increase 
in fixation of formaldehyde occurs at pH values above 9. There is, however, 
an irregularity which occurs in both the curves for collagen at about pH 10.5.
On comparison of the curves for the amount of formaldehyde taken up 
and combined in the sodium carbonate systems with the corresponding 
curves for the two systems previously studied, it will be observed that at low 
pH values (below about pH  9), the effect of the sodium carbonate is to 
decrease the amounts of formaldehyde taken up and slightly to decrease that 
combined. Above this pFI, however, the sodium carbonate tends on the 
whole to increase the fixation. Since the differences below pH 9 are not so 
marked in the case of the curves for the dried proteins, it would appear that 
the sodium carbonate increases the amount of formaldehyde solution held 
in the interfibrillary spaces to a greater extent than it increases the chemical 
combination of the formaldehyde with the proteins.
The tendency for the grain layer of the collagen to dry out cracky was 
most pronounced in this experiment. Using 1.0 per cent, sodium carbonate 
(final pH value of solution, 10.7) the grain dried out very cracky and it was 
possible to peel it off. Even using 0.075 per cent, sodium carbonate (final 
pH value of solution 9.0) there was a tendency to give a cracky grain.
Discussion.
The systems under consideration consist of organised proteins, collagen 
in the form of pieces of acetone dehydrated ox hide freed from other proteins, 
hair or silk fibres. The experimental material was immersed in aqueous solu­
tions containing formaldehyde. On immersion the proteins rapidly absorb
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tlie solution into tiieir capillary spaces, and the solution then slowly diffuses 
into their fine structures where fonnaldehyde becomes available for combina­
tion with the various reacting groups in the protein molecules. Thus, the 
attainment of equilibrium depends on the rate of diffusion of the solution 
into the line structures of the proteins, and also on the rate of reaction of 
formaldehyde with the various chemical groups involved. It is probable 
that equilibrium is only reached after prolonged treatment, and it is unlikely, 
although appreciable amounts of formaldehyde remained in solution, that 
the reaction was complete at the end of 2 days. Moeller (1921) has reported 
that hide powder continues to absorb formaldehyde over a period of 3 months 
and although criticism has been levelled at his technique it is probable that 
this reaction does continue over a long period of time.
When considering the results of this investigation, therefore, it should 
be borne in mind that any differences observed may be due, either to an 
absolute difference in the total amount of formaldehyde which can be fixed 
in any given conditions, or may be due to an alteration in the rate at which 
formaldehyde can be fixed, which is determined both by the rate of diffusion 
and also by the rate of reaction with each particular chemical group.
Hence a complex system is under consideration and insufficient data 
is at present available to explain all the experimental observations.
So far this investigation has given certain results which may be sum ­
marised in the following manner: —
Before drying, the treated proteins contain formaldehyde in combination 
and also formaldehyde in solution in the interstices of the protein. The 
amounts of formaldehyde held in these two ways can be differentiated by 
comparing the amount of formaldehyde present before and after drying the 
protein. Speaking generally, collagen combines with rather more formalde­
hyde than hair and in turn hair combines with appreciably more formalde­
hyde than silk in similar experimental conditions.
Collagen, hair and silk fix some formaldehyde at all pH values, but 
the higher the pH value of the solution, the greater the amount of formal­
dehyde fixed by all three proteins. With silk, however, the influence of the 
pH value on the fixation of formaldehyde is less than in the case of hah or 
collagen.
The presence of either sodium carbonate or Universal Buffer influences 
the fixation of formaldehyde. Since there is no evidence of equilibrium 
having been reached it is not possible to make exact calculations as to which 
of the reactive groups have combined with formaldehyde under these parti­
cular conditions. Obviously, if all the possible groups, i.e ., amino, imino 
(including peptide imino) and sulphydril completely entered into combination 
far more formaldehyde would be taken up than has been found experiment­
ally. Therefore, either only certain groups are entering into the reaction 
or else the reaction is not proceeding very far. It is generally considered 
that the reaction between formaldehyde and amino groups in solution, as in 
Sorensen’s method of formal titration, is rapid and in formaldehyde tanning 
Stiasny (1936) postulates a rapid reaction with the amino groups followed 
by a slower reaction with the more numerous peptide groups.
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Ih'oni the curves on Fig. 8 it ean be seen that silk eouibines with luueh 
less foniialdeliyde than does collagen or hair. Table 11 shows that silk 
contains very few free amino gronjis while collagen and hair have consider­
ably more. This also lends support to the theory that the amino groups arc 
playing an important part in determining the quantity of formaldehyde which 
is fixed by the protein. It has already been shown in Section 1 that the amino 
groups would be expected to combine more readily with formaldehyde at 
higher pH values, and the fact that all the curves indicate that at higher ]>H 
values hair and collagen, and to a lesser extent silk, fix more formaldehyde 
than at low })li values is in accordance with combinaiion at the amino groups 
having occurred to a considerable extent.
Since, however, some combination does occur even in acid solutions 
below pH 4 where the amino groups would not be expected to react to any 
appreciable extent, it is possible that combination is occurring at other 
grou])S. Alternatively, the salt formation at the amino groups in acid solu­
tion may merely reduce the rate of reaction with formaldehyde but not 
prevent it. Ktintzel (1937) suggests that formaldehyde may form a bridge 
between adjacent protein backbones, combination occurring at. the peptide 
groups as shown below.
OC^ CO
\  CH, /
N i l  I H N
/  0  \  CH.
R C H  H C — (C H .) — N H . 4- |  > B C H  H C ( ( ' l t „ ) ,N = C H .
\  /  0CO oc
N H ^  \ h
\  /
H C R  R C H
/  \
OC CO
\  CH. /
N H  I H N
/  0 \
R C H  H C R
\  /
Work is at present in («rogress in order to discover the effect of deamina- 
ting collagen on the subsequent fixation of formaldehyde over a range of 
pH values. This should give an indication of the extent to which the amino 
groups of the lysine residue are entering into the reaction.
The reason why the addition of salts influences the fixation of formalde­
hyde by j)roteins is at present obscure, but it is hoped, by a study of systems 
containing salts other than sodium carbonate and Universal Buffer, to obtain 
further data on this point.
From the aspect of practical tanning this work has shown that the opti­
mum pH value at which to aim probably lies between pH 8 and 10. At 
pH values below 8 little fixation of formaldehyde occurs while at pH values 
above 10, where considerably more formaldehyde is fixed, a type of case- 
hardening effect might be expected. Crackiness of grain has been observed 
at high pH values in unbuffered solutions and in solutions containing sodium
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TABLE II
P a rts  per 100 p arts dry protein
G elatin
(D ak in )
H air
(A rgiris)
(V ickery
and
L ea v e n ­
w orth)
S ilk
(V ickery
and
B lock)
C ollagen
(H ig h -
berger)
L y sin e  ............................................. ............................................
F ree  am ino n itrogen  ..........  ............................................ ...
Form aldehyde equ iva len t o f free am in o n itrogen
5 0
0-57
1-22
1-1
O i l
0 -24
0 -2
0 -0 2
0 -0 4
4 -02
0 -39
0 -8 3
A rg in in e  ................... —  ................................................
F ree  am in o n itrogen ..............................................................
F orm aldehyde equ iva len t o f free am in o  n itrogen
8 -2
0 -66
1-41
7 -6
0-61
1-31
0 -7
0 -0 6
0 -1 3
7 -4 6
0 -6 0
1 -2 9
T ota l form aldehyde w hich  can  com bine w ith  the 
am in o groups ................ ............................................................ 2 -6 3 1-55 0 -17 2 -1 4
carbonate. This is probably due to excessive fixation of formaldehyde, par­
ticularly at the surface of the grain. In the presence of Universal Buffer 
no crackiness was observed and a number of workers [Meunier (1912), Gern- 
gross and Gorges (1926), Thomas, Kelly and Foster (1926), Theis and 
Schaffer (1936)] have suggested that the addition of salts prevents crackiness 
■of the grain.
In order to facilitate the stabilisation of the pH value it is desirable to 
work with liquors which are well buffered. While sodium carbonate is su it­
able as a buffer, it does not prevent crackiness of the grain, and, therefore, 
some other salt should be added as well. The crackiness referred to above 
is crackiness of the grain of hide which had been limed and from which the 
hair and epidermis had been removed. Crackiness is also common on skins 
which have been formaldehyde tanned in the hair or wool and which have 
the epidermis, which is keratinous in nature, still intact. Comparison of 
the curves for collagen and hair show that the presence of either Universal 
Buffer or sodium carbonate causes hair to take up less, and collagen more, 
formaldehyde than in unbuffered solutions. It is possible that if crackiness 
of the grain of skins in the wool or hair were due to excessive formaldehyde 
tanning of the epidermis, that the presence of salt in the tan liquor would 
prevent crackiness on these types of skins also.
The authors wish to thank the Council of the British Leather Manufac­
turers’ Eesearch Association for permission to publish this paper, which 
appeared in its original form in the Laboratory Eeports of the Association, 
1987.
Summary.
1. The combination of formaldehyde with collagen, hair or silk , in un­
buffered solutions and also in the presence of Universal buffer solution and 
sodium carbonate over a wide range of pH values has been studied.
2. Less formaldehyde is taken up by silk than by hair or collagen.
8. With all three proteins greater fixation occurs at high pH values 
Ihan at low, but this increase is least marked in the case of silk.
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4. The presence of the salts studied dues not appreciably affect fixation 
of formaldehyde by silk, increases the fixation by collagen, but decreases the 
fixation by hair.
5. Formaldehyde tanning is considered to involve some combination of 
the formaldehyde with the free amino groups, the imino groups and the 
sul])hydril groups in the case of keratins, but the extent to which each of these 
grou])s is reacting is not known.
6. The results of this investigation suggest that formaldehyde tanning 
should be carried out at pH values between 8 and 10. Buffered solutions 
facilitate the control of the pH value, while the presence of salts helps to 
prevent cracky grains.
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FORMALDEHYDE TANNING.
PART II.
The Combination of Formaldehyde with Collagen and Keratin 
(Hair) in the presence of Calcium Hydroxide.
PART III. .
The Combination of Formaldehyde with Deaminated Collagen
and Keratin.
By
JOANE H. BOWES and W INNIFRED B. PLEASS.
Reprinted from the 
Journal of the International Society of Leather Trades’ Chemists,
August, 1939.
F O R M A L D E H Y D E  T A N N IN G . 
P art I I .— T he C om bination  of F orm aldehyd e w ith  C ollagen and K eratin  
(H a ir ) in  th e  p resence o f C alcium  H ydroxide. 
B y  Joan e H . B o w es and W innifred  B . P lea ss .
(Reprinted from the J .I .S .L .T .C ., 1939, 23, pp. 451 to 461).
The combination of formaldehyde with collagen, keratin and silk fibroin 
in the presence of sodium hydroxide, Universal Buffer and sodium carbonate 
has already been studied in an earlier investigation (Bowes and Pleass, 1939). 
This work has now been extended to include calcium hydroxide. It has been 
suggested that the presence of calcium, even in small amounts, may influence 
the combination of formaldehyde with collagen. In view of this fact it was 
decided to determine the amount of formaldehyde fixed by collagen and 
hair in the presence of calcium hydroxide over a range of pH values.
The experimental procedure was similar to that employed in the previous 
investigation. A solution of calcium hydroxide was prepared by the careful 
slaking of quicklime, and after allowing the excess calcium hydroxide to 
settle the supernatant liquor was poured off. Formaldehyde was added to 
the calcium hydroxide solution to give a concentration of 0.8 grams per 100 
c.c. 5 -gram samples of collagen or hair were treated with 200 c.c. of solu­
tion adjusted by the addition of A / 10 hydrochloric acid to various initial pH  
values ranging from 1 to 12. The reaction was allowed to proceed for 48 hours
+ =  Col lagen  
O — Hoir
.©©•
CT»
FinaL p H  v a lu e  o f  s o lu t io n .
Fig. 1
at room temperature, and the initial and final })H values were recorded. The 
proteins were then washed and dried and the formaldehyde estimated as 
described in the earlier pa])er.
The results have again been presented graphically, tlie amount of formal­
dehyde combined being plotted against the final pH value of the solution. 
The amounts of formaldehyde present in the dried proteins are shown in 
Fig. 1. For convenience the curves for the combination of formaldehyde with 
collagen and hair in the presence of sodium hydroxide are again reproduced 
(see Fig. 2). From Fig. 1 it can be seen that increase in tlie jiH value causes 
an increase in fixation of formaldehyde by both collagen and hair. This
c
L
a .
I
if
&> ._ +
FcnaL pH vaLue o f  so lu C to n .  
Fig. 2
increase is only slight up to pH 9, but at higher pH values the slope of the 
curves becomes appreciably greater.
At pH values below about 6.0 the curves for hair and collagen lie very 
close together, but above pH 8 hair fixes slightly more formaldehyde than 
collagen. Comparison with Fig. 2 shows that at all pH values, approximately 
the same amount of formaldehyde is combined with the collagen and hair 
in both systems, although there is perhaps a slight tendency for less formal­
dehyde to be fixed in the presence of calcium hydroxide than in the presence 
of sodium hydroxide.
It may be concluded that the combination of formaldehyde with collagen 
and keratin is not materially affected by the substitution of calcium for 
sodium hydroxide.
R eferen ce.
Bowes and Pleass (1939), J .I.S .L .T .C ., 23, 865.
The authors wish to thank the Council of the British Leather Manu­
facturers’ Research Association for permission to publish this paper, which 
has been reprinted from the Laboratory Reports of the Association, 1938.
P art I I I .— The C om bination  of F orm aldehyde w ith  D eam in ated  
C ollagen and K eratin . 
B y  Joan e H . B o w es and W innifred  B . P lea ss . 
In trod uction .
The combination of formaldehyde with collagen, hair and silk was studied 
in an earlier investigation (Bowes and Pleass, 1989) and suggestions were put 
forward as to the possible mechanism of the combination. In the case of 
collagen, the amount of formaldehyde taken up can be accounted for by com ­
bination with the free amino groups of lysine and arginine, although the possi­
bility of combination taking place at the imino groups of the backbone is 
not excluded.
Hair, however, presents a more complex problem. This protein contains 
only 2 to 3 per cent, of lysine as compared with about 6 per cent, in collagen, 
yet at similar pH values it was found to fix as much formaldehyde as collagen. 
To account for this increased uptake of formaldehyde it was suggested that 
the cystine group present in hair was playing a part in the reaction. Evidence 
in support of this theory was found in the work of Ratner and Clarke (1937) 
on cysteine. These workers have shown that formaldehyde combines with 
cysteine in the following way : —
CH,—SH CH,------S
\
CHNH, +  HCHO — ^  CH—NH  
COOH Lo OH
cn, + H,o
The reaction first takes place at the sulphydril group and is then 
followed by ring closure. In the presence of alkaline formaldehyde, the 
cystine in hair will probably be reduced to cysteine, and so be able to com ­
bine with formaldehyde in the following manner: —
\ ) 0  \ o
NH  C H , \
\  \  \  B
CH—CH —SH  4- HCHO ----- ^ CH—CH —S—CH.,OH ------- ^ CH—C H , /
CO wo wo
\ f H  \ h  \ h
/  /
This reaction may be followed by ring closure as with free cysteine.
In order to throw more light on the nature of the combination and the 
part played by the amino groups, it was decided to deaminate samples of 
collagen and hair and to estimate the formaldehyde taken up by the de­
aminated proteins. In deamination with nitrous acid the free amino groups 
of the lysine residues are replaced by hydroxy groups but the free amino 
groups of the arginine residues are not attacked except under very 
extreme conditions. If the amino groups are mainly responsible for the fixa­
tion of formaldehyde, it would be expected that the deaminated proteins 
would take up less formaldehyde than the untreated proteins, the decrease 
being proportional to the lysine content of the proteins.
E xp erim en ta l M ethod .
The experimental material (acetone dehydrated collagen and goat hair) 
was similar to that used in the previous experiments. The proteins were 
deaminated according to the method used for hide powder by Thomas, Kelly 
and Foster (1926). 100 g. of the protein were placed in a vessel of 2 -litre
capacity and 100 g. of sodium nitrite and 2 litres of water added. Carbon 
dioxide was bubbled slowly through the solution and when the air had been 
replaced by this gas, 100 c.c. glacial acetic acid were added by means of a 
thistle funnel. The reaction was carried out in an atmosphere of carbon 
dioxide in order to prevent undue oxidation of the nitrous acid to nitric acid. 
Deamination was continued for 48 hours, during which time a further 100 g. 
sodium nitrite and 100 c.c. glacial acetic acid were added.
Owing to the bulky nature of hair it was only possible to deaminate 
50 g. of this protein in one operation.
After 48 hours the solutions were poured off and the proteins well washed 
in running water. In order to facilitate the removal of acid, the protein 
was placed in a concentrated salt solution overnight. Washing was continued 
for 2 to 3 days until the pH of the solution in contact with the protein was 
about 7.0. The protein was then dehydrated in acetone and stored in a 
stoppered bottle.
The deaminated collagen and hair were treated with formaldehyde in 
unbuffered solutions at pH values ranging from 1 to 12, The proteins were
dried at a controlled humidity of 70 per cent, relative humidity for one week, 
after which the formaldehyde combined with the proteins was estimated.
The experimental procedure throughout was the same as that employed 
in the previous investigation (Bowes and Pleass, 1939). Some difficulty, 
however, was encountered in estimating the formaldehyde present in the de­
aminated hair. The end point of the back titration with thiosulphate was 
difficult to determine owing to the slow reappearance of the colour due to the 
liberation of iodine. The cause of this trouble was traced to the presence of 
nitrites in the formaldehyde distillate, probably derived from the deamination 
process. It was, therefore, necessary to remove the nitrites from the distillate 
before carrying out the titration. This was done by means of oxidation with 
potassium permanganate; 100 c.c. of the distillate were treated with 1 c.c. 
ION sulphuric acid and 1 c.c. N  KMnO^ and left for 20 minutes. At the end 
of this period the residual permanganate was reduced by the addition of 
1 c.c. 2 per cent, potassium oxalate and the formaldehyde estimation carried 
out in the normal manner.
A preliminary experiment, carried out on a solution of known formalde­
hyde concentration, showed that the above procedure was satisfactory and 
had no effect on the formaldehyde estimation. The formaldehyde in a given 
solution was estimated in the usual manner and found to be 1.78 g. per 
100 c.c. 400 c.c. of this solution were removed, a small quantity of sodium 
nitrite added and the solution made up to 500 c.c. 25 c.c. aliquot portions of 
this solution were treated for removal of nitrite as above and the formalde­
hyde estimated. The formaldehyde present after this treatment was found 
to be equivalent to 1.76 g. per 100 c.c. of the original solution, a value in 
good agreement with that obtained before the addition of nitrite.
The moisture content of the collagen and hair was determined by drying 
to constant weight at 100°C. and all results have been expressed on the weight 
of protein after drying.
Section I .— Collagen.
The amounts of formaldehyde combined with deaminated collagen after 
drying are shown graphically in Fig. 1. For comparison, the combination 
curve of formaldehyde with untreated collagen under similar conditions is 
given on the same graph. It will be seen that deaminated collagen combines 
with considerably less formaldehyde than does untreated collagen at all pH  
values. This indicates that the free amino groups of lysine, which are 
removed during the deamination process, are playing an important part in 
the fixation of formaldehyde by untreated collagen at all pH values. At low 
pH values deaminated collagen only fixes a very small amount of formalde­
hyde (0.1 per cent), but as tbe pH value rises above 9,0, increasing quan­
tities of formaldehyde are fixed, due probably to reaction with the amino 
groups of the arginine residues. The almost negligible amount of formalde­
hyde fixed by deaminated collagen at pH values below 9.0 indicates that the 
imino groups are playing little or no part in the fixation of formaldehyde under 
these conditions.
It is interesting to calculate the theoretical amounts of formaldehyde 
which can be fixed by the free amino groups of lysine and arginine in collagen.
)
5
TA BLE I
Lysine and Arginine Contents of Gelatin and Collagen and the Equivalent 
Amounts of Formaldehyde
P a r ts  per 100 parts dry protein
D akin
(1920)
(G elatin )
H ig iib erger  
(1938) ' 
(C ollagen)
L y s in e  ......................................................................................................... 5 -9 4 02
F orm aldelivde equ iva len t o f free am in o n itrogen 1 2 2 0 83
A rgin ine ......................................................................................................... 8 2 7 40
F orm aldehyde equ iva len t of free am in o n itrogen  
T otal form aldehyde w hich can com bine w ith  the am ino
1 4 1 1 2 9
groups ............................................................................ 2 03 2 14
3 r  "1" “  Unt r ea ted  CoUo^en 
^  “  DeammoCed  Cotloqen.
2 3  4  5  6  7 S
F in a l  p H  value of  soluCton.  
Fig. 1
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In Table I are set out the experimental figures of Dakin and Highberger 
for the amounts of lysine and arginine present in collagen and gelatin, together 
with the equivalent amount of formaldehyde with which they would be 
expected to combine. The figures of Dakin are hased on gelatin and are, 
therefore, probably less applicable than the more recent figures of H igh­
berger for collagen.
At pH 9.0, 100 g. untreated collagen fixes about 0.95 g. formaldehyde 
while deaminated collagen only fixes 0.1 g. under similar conditions. It  
may he assumed that the difference between these two figures, viz., 0.85 g. 
per 100 g. collagen, represents the amount of formaldehyde which is com ­
bined with the free amino groups of lysine in the untreated protein. This is 
in agreement with the theoretical amount of formaldehyde which would be 
expected to be fixed by the lysine groups calculating from the more recent 
figures of Highberger.
.The nitrogen content of the collagen, before and after deamination, was 
estimated by the Kjeldahl method. The loss of nitrogen was about 0.46 g.
per 100 g. collagen, equivalent to 1.0 g. of formaldehyde, assuming this 
nitrogen to be present as free amino nitrogen. This figure is in fairly good 
agreement with the difference in the amount of formaldehyde fixed by the 
deaminated and the untreated collagen.
It is difficult to give accurate figures for the amount of formaldehyde 
combined with collagen at high pH values as the curves rise steeply above 
pH 10. The practical findings, however, are of the same order as would be 
expected from the figures of Dakin and Highberger for lysine and arginine. 
The increase in fixation which would be expected at high pH values, due to 
the amino groups of arginine, is 1.41 per cent. (Dakin) or 1.29 per cent, 
(Highberger), and it has been found that a rise in the pH value of the 
experimental solution from 9 to 12 causes an increase in the amount of formal­
dehyde fixed of the order of 1.0-1.5 g. per 100 g. in the cases of both untreated 
and deaminated collagen.
These results, as a whole, suggest that it is the amino groups of lysine 
and arginine which are mainly responsible for the fixation of formaldehyde 
by collagen, A small amount of formaldehyde may be fixed by the imino 
groups of collagen but this amount is small compared with the whole.
Section II .— Keratin (H air).
The amounts of formaldehyde combined with hair and deaminated hair 
in unbuffered solutions over a range of pH values are presented graphically 
in Fig, 2. It will be seen at once that deamination has caused a marked 
decrease in the amount of formaldehyde taken up at all pH values.
O — UntreaCcd H al 
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Fig, 2
At all pH values, untreated hair combines with more formaldehyde 
than can be accounted for by combination at the free amino groups of lysine 
and arginine only. In Table II  the values which have been obtained by 
various workers for the lysine and arginine content of hair and wool have 
been summarised. From consideration of these values the maximum amount 
of formaldehyde which would be expected to combine with hair below pH
T A B LE II
Lysine and Arginine Contents of H air and Wool and the Equivalent Amounts
of Formaldehyde
Darts 3cr 100 parts dry protein
W orker D a te
T ype
of
hair L y sin e
F orm al­
dehyde  
etpiiv. of 
lysin e
A rgin ine
F o rm a l­
dehyde  
equ iv . of 
arg in in e
Abderlialilen am i W ells (1920) 1905 HojRe
hair
1 1 0 23 4-5 0 -7 8
M arston (1928) ................... — 1928 W ool 2 8 0 58 10-2 1 -7 6
V ickery and L eaven  wort li (1929) 1929 H um an
hair
H orse
hair
2 -4 1 -
2 -4 0
0 6 0 -  
0 51
5 -9 8 -
7-96
7 3 -
7 -6
1 -0 3 -
1 -3 7
1 -2 6 -
1-31
V ickery and B lock  (1930) 1930 W ool 2 3 0 47 7 -8 1-34
S tew art and E iin in g to n (1981) 1931 W ool 2 2 0 46 6 -0 1 -03
9.0, i.e. with the free amino groups of lysine is only of the order of 0.5 per 
cent. Up to pH 9.0 hair fixes about 1 per cent, of formaldehyde, indicating 
the presence of some other grouping in hair capable of combining with 
formaldehyde.
In collagen it is possible to account for all the formaldehyde fixed by 
assuming combination at the free amino groups of lysine and arginine. Tbe 
main difference in the composition of collagen and hair is the presence of the 
amino acid cystine in the latter. It is, therefore, reasonable to suppose that 
it is this group which is responsible for the increased fixation of formaldehyde 
by hair over and above that equivalent to the amino groups of lysine and 
arginine. The work of Ratner and Clarke (1937), already discussed, on the 
combination of formaldehyde with cysteine lends further support to this 
theory.
It would be expected that deamination would cause a decrease in the 
fixation of formaldehyde proportional to the free amino groups of lysine. 
This, however, is not tbe case; up to pH 9.0 deaminated hair fixes about 0.2 
per cent, formaldehyde, i.e. 0.8 per cent, less than untreated hair, whereas 
the formaldehyde equivalent of the lysine amino groups is of the order of 
0,5 per cent. ; hence some other group capable of reacting with formaldehyde 
appears to be removed during deamination. This would appear at first sight 
to run counter to the suggestion that the cystine groups are playing a part 
in the fixation of formaldehyde by untreated hair. There is some evidence, 
however, that the cystine groups are attacked during deamination with nitrous 
acid, Speakman and Stott (1934) have observed that on treatment with 
nitrous acid more nitrogen is evolved from wool than can be accounted for by 
the free amino groups and they suggest that this nitrogen is derived from the 
action of nitrous acid on the sulphur linkage. In support of this. Lough and 
Lewis (1934) have shown that treatment with nitrous acid causes the sulphur 
of cystine to be oxidised to sulphate, the presence of which can be demon­
strated in the solution. They have estimated the sulphate in the solution
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by precipitation with barium chloride and find that up to 85 per cent, of the 
cystine sulphur may be oxidised to sulphate by prolonged treatment with 
nitrous acid.
Speakman (1983) states that one cause of perfect elasticity in hair is 
removed by deamination, and the deaminated fibres are far less liable to take 
a permanent set than untreated fibres. Since there are few lysine amino 
grou])s present in hair, it is probable that some other groups may be involved, 
possibly the cystine groups.
The general inference which may be drawn from the above evidence is 
that deamination with nitrous acid causes oxidation of the cystine groups in 
hair, rendering them incapable of reacting with formaldehyde. The fact 
that deaminated hair only fixes a small amount of formaldehyde need not, 
therefore, rule out the possibility of fixation of formaldehyde by the sulphy­
dril groups in untreated hair.
D iscussion.
One of the most important points which has come to light as a result 
of this investigation is the small amount of formaldehyde fixed by the de­
aminated proteins. This excludes the possibility of the imino groups playing 
anything but a very minor part in the fixation of the formaldehyde. In  
formaldehyde tanning, therefore, the action of formaldehyde appears to be 
confined almost exclusively to the combination at the free amino groups of 
the arginine and lysine residues. The suggestion of Kiintzel (1937) that 
the formaldehyde may form a bridge between adjacent protein backbones 
by combining at the imino groups does not, therefore, appear to be likely.
Since the original publication of this paper in the Reports of the British  
Leather Manufacturers’ Research Association circulated privately to 
members, Highberger and Retzsch (1939), working on the combination of 
formaldehyde with untreated and deaminated collagen at different pH values, 
have obtained similar results, from which they have also drawn similar con­
clusions as follows: —
“ (1) In concentrations of 1 per cent, formaldehyde or lower the 
reaction is confined to the free amino and guanidino groups provided by 
lysine and arginine respectively.
“ (2) One molecule of formaldehyde reacts with each amino and 
guanidino group.
“ (3) The reaction is a molecular one and takes place only with 
undissociated basic groups.
“ (4) In the concentration range noted in (1), only the amino 
groups of lysine react up to pH 8, above this point the guanidino groups 
of arginine begin to take part in the reaction.
“ (5) The function of the alkaline reaction in promoting formalde­
hyde tannage is to repress the ionization of the basic groups.
“ (6) In formaldehyde concentrations above 1 per cent, an addi­
tional reaction begins to come into play in the fixation of larger amounts 
of formaldehyde. It has been suggested that this may be due either 
to the extension of the reaction to the imino groups of the protein back­
bone, or to the reaction of the groups already mentioned with poly­
merized formaldehyde molecules, or to both.”
Another interesting point is the combination of formaldehyde with the 
sulphydril groups in hair. Both experimental and theoretical evidence seem 
to indicate that it is probable that this reaction occurs to an appreciable 
extent. If this is so, it is probably a fundamental point and it may be 
possible to trace some relationship between combination at the sulphydril 
groups and the occurrence of cracky grain in full grain skins and skins tanned 
in the wool or hair. In the latter case, the keratin of the epidermal layer is 
still present and it may be that the combination with the sulphydril groups 
present is not desirable.
Sum m ary.
1. Collagen and hair have been deaminated with nitrous acid. The 
formaldehyde fixed by the deaminated proteins at various pH values in un­
buffered solutions has been estimated.
2. The combination of formaldehyde with untreated and deaminated 
collagen is discussed. The formaldehyde fixed by both untreated and de­
aminated collagen can be accounted for by combination at the amino groups 
of the lysine and arginine residues only. Deaminated collagen fixes very 
little formaldehyde, the decrease in the formaldehyde fixed caused by de­
amination is approximately equivalent to the amino groups of the lysine 
residues. The imino groups may fix a little formaldehyde but the amount 
is small compared with the total amount fixed.
3. The combination of formaldehyde with hair and deaminated hair is 
discussed. At all pH values hair fixes more formaldehyde than can be 
accounted for by the amino groups of lysine and arginine. It is suggested 
that the cystine groups present in hair are involved and experimental evidence 
is brought forward to support this view. Deaminated hair fixes very little 
formaldehyde, the decrease in fixation due to deamination is greater than 
that corresponding to the amino groups of lysine. Evidence suggests that the 
cysteine groups are oxidised during deamination.
4. The practical application of these findings to the tanning process is 
discussed. It is suggested that the fixation of formaldehyde by the sulphur 
groupings in the keratin of the epidermis may not be desirable since it may 
be the cause of the occurrence of cracky grain in skins tanned in the wool or 
hair.
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EXPERIMENTS ON T R E A T M E N T  OF HIDES 
W ITH SOLUTIONS OF WASHING SODA FOR 
SURFACE DISINFECTION AFTER C O NTA CT  
W ITH FOOT-AND-MOUTH DISEASE.
By
JOANE H. BOWES. R. INKSTER and 
W INNIFRED B. PLEASS.
Reprinted from the 
Journal of the International Society of Leather Trades’ Chemists
April, 1940.
E X P E R IM E N T S  ON TREATM ENT OF H ID E S  W IT H  SO LU TIO NS  
OF W A SH IN G  SODA FOR SU R FA C E D ISIN F E C T IO N  AFTER  
CONTACT W IT H  FOOT-AND-M OUTH D IS E A S E . 
B y  
Joane H . B ow es, R. Inkster and W innifred B . P leass.
(R ep r in ted  from  th e  J . I . S . L . T . C . ,  1940, 24 , p ages 105 to  114).
1 he general problem of the disinfection of objects contaminated with the 
virus of foot-and-mouth disease has been investigated by the Foot-and-Mouth 
Disease Research Committee of the Ministry of Agriculture and Fisheries. 
It is obvious that many chemical substances and proprietary ‘ disinfectants ' 
tested, while they might pi'ove destructive to the virus under certain experi­
mental conditions, would be unsuitable for the treatment of hides. The 
Committee has given the question of the disinfection of hides special atten­
tion. In their Fourth Progress Rej)ort<^ > they suggested the possibility of 
employing solutions of sodium bisuljihate or sodium bifluoride in certain 
concentrations for this purpose, but this possibility does not appear to have 
been pursued further by the Committee. However, 0 ’Flaherty and Doherty 
(1989) also suggested the use of a solution of sodium hydrogen fluoride for 
the treatment of hides with a view to destroying the virus of foot-and-mouth 
disease with which they might be infected. Unfortunately, owing to the diffi­
culties which always beset work with this particular virus, they made their 
experiments with the virus of vesicular s tom atitis  and not that of foot-and- 
mouth disease. It will be realised that it is hazardous, especially with infec­
tive agents of this nature, to draw conclusions while arguing by analogy. 
These authors found also that, in certain circumstances difficult to control 
except under laboratory conditions, the salt was no longer effective against 
the virus which they were studying.
Moreover, the use of this salt has a disadvantage in that .there is a 
tendency to roughening of the grain of the hide in some instances.
The use of sodium carbonate is discussed at some length in the Fourth 
Progress Report of the Committee^^' and in the Fifth Progress ReporP^^ 
published in 1987 it is stated that, ” The methods used to disinfect objects 
contaminated with foot-and-mouth disease virus have been simplified and 
reliance abroad (especially in Germany) as in this country is now placed on 
alkalies such as washing soda.”
On occasion and in particular circumstances the Ministry of Agriculture 
has ordered that hides from cattle wffiich had been in contact with the disease 
under discussion should be dipped in a 4 per cent, solution of sodium car­
bonate (washing soda, NagCO^.lOHgO).
The Research Association was asked to give its views on this treatment 
of hides and suggested that members should arrange to have foot-and-mouth 
disease contact hides immersed in a 4 per cent, solution of common washing 
soda. A member of the Research Association reported that hides treated 
with 4 per cent, sodium carbonate {^a^CO^.lOU^O) solution differed in no 
way from normal hides, either at the rounding table or after suspenders.
The following investigation was undertaken in collaboration with Messrs. 
J. & W. N. Hutchings, Ltd., and Imperial Chemical Industries, Ltd., in 
order to determine whether treatment with 4 per cent, sodium carbonate 
(Na^CCg.lOH^O) solution was entirely free from any deleterious effect on 
the hides.
Works Procedure
For this work, 60 Aberdeen market hides of 60 to 70 lbs. weight were 
selected. These hides were shaken to remove loose salt and divided into 
five groups of twelve hides, as indicated in Table I. The hides from one 
group (Experiment V) received no treatment with sodium carbonate solution 
and acted as controls. All the other hides were immersed for 15 minutes in
TA BLE I
T ab le  g iv in g  volum e of 4% sodium  carbonate so lution  (NagCOg.lOII^O) used  for tw elve  
h id es for fifteen  m in u tes and the subseq uent treatm ent of the h id es
N o . of E x p t. V olum e of so lution F u rther treatm ent
I 280 ga llon s ................................................
i ;
P u t in to  work at once  
Stored 1 m onth  
Stored 8 m on ths
Jo Stored 6 m on ths
I I 500 ga llon s ................................................
1
as in  I
I I I 1000 ga llon s ...............................................
1
as in  I
IV Once-used liquor from  E x p erim en t I I I
1
as in  I
V N o  treatm en t ................................................
1
as in  I
4 per cent, solution, varying ratios of liquor to goods being used for each 
group (see Table I). The twelve hides in Experiment I  were only just 
covered with solution; the hides in Experiment II  were comfortably 
immersed, while in Experiments III  and IV there was a large excess of 
solution. In Experiments III  and IV the goods were handled once during 
immersion, so that the hides should get the full effect of the large volume of 
liquor.
The time chosen for immersion was 15 minutes, since this time is 
generally recommended by the Ministry of Agriculture where only surface 
contamination is involved. -
After treatment the hides were well drained, washed by passing through 
â water pit and either salted down for storage or put straight into work. 
Each group of twelve hides was divided into four sub-groups, “ 0 ,” ” 1 ,”
3 and ‘ 0 .” The hides in the “ 0 ” series of experiments were put 
straight into work, the hides in the ” 1 ,” 8 and ” 6 ” series of experi­
ments were salted down and stored in the salted condition for 1, 3 and 6 
months respectively before putting into work.
The hides from all groups were examined during processing at the 
rounding table, at the head of the first suspenders and in the warehouse, and 
samples were taken from the official sampling place for microscopical 
examination. Six-inch square samples were also taken from the finished 
leather for abrasion tests.
The alkalinity of the used sodium carbonate liquor and of the wash 
liquors was determined by titration and expressed as percentage of Na^COg. 
lOHgO, in order to determine whether the hides had taken up significant 
quantities of sodium carbonate during the treatment.
The alkalinity of all the used liquors was very little lower than that of 
the new liquors, namely 8.9 per cent. NagCOg.lOHgO. This suggests that 
the hides are removing not more than 1 to 2 per cent, of the alkali present; 
in fact, in the case of Experiment IV, the further immersion of these twelve 
hides in the used liquor from Experiment III  has not appreciably affected 
the concentration of sodium carbonate.
The sodium carbonate liquors, therefore, could be used, say, four or 
five times before running to the drain or if made up each time with about 
2 per cent, of the original weight of washing soda, they could easily be used 
ten to twelve times before discarding.
The volume of the sodium carbonate carried away by the hides when 
lifted out of the pit could not readily be determined but the amount of alkali 
carried into the wash pit could be gauged to some extent by the analysis of 
the wash pit liquors. The alkalinity of these rose to over 1 per cent. 
NagCOg.lOHgO after 48 hides had been through the pit. Part of this was 
washed off the surface of the hides, but part probably arose from alkali 
diffusing from the hide.
Works Report on H ides in Process and Finished Leather
Examination of the hides in p>rocess and of the finished leather in the 
warehouse indicated that the treatment with sodium carbonate had had no 
adverse effect. At tbe rounding table and at the head of the first suspenders, 
it was not possible to detect any difference between the control hides and the 
treated hides in any of the series ‘‘ 0 ,” ‘‘ 1 ,” ‘‘ 3 ” or ‘‘ 6 .” The hides in 
Experiments Illg  and Vg seemed rather plumper in the limed condition than 
the other hides in this series, but since hides in Experiment Vg had received 
no treatment while those in Experiment I llg  had received the most drastic 
treatment with sodium carbonate, this observation appears to have little 
significance and may have only been due to the hides being plumper in the 
first place.
It was felt all through the whole experiment that if the treatment had 
any effect at all it was a good one.
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Microscopical Examination of Samples of Pelt and Finished Leather
( i )  E x a m i n a t i o n  o p  L f m k o  S a m p i æ s .
The microscopical examinalioti of the samples from hides which had 
been put straight into work ga\e little evidence that any damage bad 
occurred through treatment of the hides with sodium carbonate solution 
under these experimental conditions. The hides in Experiment 111 ,^ which 
had been treated with the largest volume of sodium carbonate solution, have 
slightly less full fibres than the hides in Experiment V„, which had had no 
carbonate treatment, but in other respects there is little to choose lietween 
the microscopical appearance of the sanqtles from these t\\ o groups. Fig. 1 
shows tlie fibre structure of one of the control hides (Exjieriment V„) while 
Fig. 2 shows the fibre structure of one of the treated hides in Experiment 111 .^ 
The hides, whicdi liad been treated in smaller volumes of sodium carbonate 
solution, and the hides which had been treated in the once-used licpior, are 
very similar in fibre structure to the untreated hides.
The microscopical examination of the samples from hides, which were 
stored for one month before jmtting into work, showed that these samjoles 
were similar to those samples which were put straight into work, that is, 
the only suggestion of any deterioration caused by the sodium carbonate 
solution is in the samples from Exjieriment 111, where the fibres tend to be 
slightly thinner than in the other samples.
The sanijiles from hides which had been stored for 3 months before 
putting into work were examined microscopically and showed that treatment 
in the small volume of sodium carbonate solution caused no damage to the 
hides ; in fact, the hides in Exjieriment Ig, which had had this treatment, 
were slightly better than the controls (Experiment Vg). The samjiles Ilg, 
which were treated in 500 gallons of sodium carbonate solution for 12 hides, 
do not show any signs of deterioration, but the samples Illg  and IVg, which 
had been treated in the largest volume of sodium carbonate, show some 
suggestion of slight deterioration. Generally, the fibres are rather thinner 
and of a lower angle of weave and in some samples the weave pattern is less 
regular.
The microscopical examination of tlie limed samples from hides which 
had been stored for 6 months before putting into work showed that no 
damage had been caused by tlie sodium carbonate treatment in Experiments 
Ig and Ilg, i.e. where the volume of sodium carbonate solution used for 12 
hides was 500 gallons or less. In fact, the fibre structure of the samples Ig 
is slightly preferable to that of the samples which had had no sodium car­
bonate treatment. The samples Ig generally have rather fuller fibres and a 
more regular weave pattern. The samples I llg  and IVg, which were treated 
in 1,000 gallons of sodium carbonate solution have slightly less good micro­
scopical structures than the control samples, the fibres being generally rather 
thinner and of a slightly lower angle of weave. These differences in fibre 
structure are shown in photomicrograph, Figs. 3 and 4, which refer to 
samples from Experiments Vg and Illg  respectively.
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Fig. 1
E xp erim en t V„.— Lirnecl h ide. N o  sodium  carbonate treatm en t. H id es  put 
stra ig h t into  work.
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Fig. 2
E xp erim en t IIIo -— L im ed  h id e. 1 ,000  ga llon s sodium  carbonate so lu tion  
per 12 h id es. H id es  put stra ig h t in to  work.
The general inference to be drawn from the examination of tlie limed 
samples is that treatment of hides in large volumes of sodium carbonate solu­
tion (1,000 gallons to 12 hides) may lead to slight deterioration of the hide 
and tlius deterioration becomes more noticeable if the hides are stored for 
some time (3 to 6 months) before putting into work. Treatment of twelve 
hides in 500 gallons of sodium carbonate solution appears to cause no damage 
to the hides which can be detected microscopically in the limed condition, 
whilst treatment in 280 gallons of sodium carbonate solution results in a very 
slight improvement in the microscopical ajipearance of the limed pelts. It 
should be emphasised, however, that the differences in microscopical appear­
ance of any of tlie limed samples which can be attributed to the sodinm 
carbonate treatment are very small.
( i i)  E x .v m in .-vtio n  o f  S a m p l e s  a t  t h e  H e a d  o f  t h e  F i r s t  S u s p e n d e r s .
Every experimental hide was sampled at the top of the first suspenders 
and examined microscopically. At this stage of the process the hides are acid 
plumped and it is not easy to detect deterioration of the fibre structure 
caused by any preliminary treatment of the hides, unless the deterioration is 
fairly marked. As was shown from the examination of the limed samples, 
any deterioration which had occurred was only slight and, therefore, it is 
not surprising that the comparison of the samples at the head of the sus­
penders has been difficult. It can be stated, however, that in no case did the 
sodium carbonate treatment produce any marked change in the fibre struc­
ture of hides so treated and that even those hides which had been treated in 
the largest volume of sodium carbonate solution and then stored for 6 months, 
were very little different in microscopical appearance from the control hides 
which had had no carbonate treatment.
( in )  E x a m i n a t i o n  of  S a m p l e s  of  F i n i s h e d  L e a t h e r .
Microscopical examination of the finished leather from hides which had 
been put straight into work or stored for only 1 month, gave no evidence 
that the immersion in sodium carbonate solutions had affected the condition 
of the hides in any way.
In the case of hides which had been stored for 3 or 6 months before being 
put into work, there is some suggestion that the fibre structure of the hides 
which had been treated in the large volumes of sodium carbonate solution 
(Experiments III and IV) is not quite as good as that of the controls or the 
hides from Experiments I  and II, the fibre structure of the hides from 
Experiments III  and IV being less compact and of a rather lower angle of 
weave. This is illustrated in Figs. 5 and 6, which, show the fibre structure 
of hides from Experiments Vg and Illg  respectively.
There is no evidence that the hides which had been treated in the 
smaller volumes of sodium carbonate solution and stored for 3 or 6 months 
(Experiments Ig, Ilg, Ilg and Ilg) have suffered any damage. In the series 
which had been stored for 6 months, one of the control hides and one of the 
hides treated in 280 gallons of carbonate solution have a particularly compact 
fibre structure and high angle of weave. These two samples also have 
particularly high resistances to abrasion (see below).
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Fig. 3
E x p erim en t V „.— L im ed  liid e. N o  sodinm  carbonate treatm en t. H id es  stored
6 months.
Fig. 4
E xp erim en t H I , . . -  L im ed  hide. 1 ,000 ga llon s sodium  carbonate so lu tion  jier 
12 h id es. H id es  stored 6 m on ths.
Abrasive R esistance of Sam ples of F inished Leather
A number of the leathers were exauiiiied for abrasive resistance. Sincr'., 
however, the works report and the niieroseopieal reports on the leather 
indicated that if any deterioration had occurred due to the soduim car­
bonate treatment it was undoubtedly slight, it was considered unnecessary 
to determine the abrasive resistance of all the sanijiles available.
The samples were chosen, therefore, so that the effect of using the 
largest (Experiment III) and the smallest (Experiment I) volume of sodium 
carbonate solution could be ascertained both on hides which were put straight 
into work (” 0 ” series) and also on hides which were stored for six months 
before putting into work ( ‘‘ 6 ” series). Control hides which had had no 
sodium carbonate treatment (Experiment V) were also examined. Two hides 
were abraded in each instance.
TA BLE II 
Abrasion Results
A verage A verage
abrasive loss abrasive loss
E x p t. N o. D escription (w hole th ickness) (cerium )
ram. per nun. ram. per m in .
I. 280 gill Ions .... 0 -430 0-380
P u t stra ig h t in to  work 0-519 0-412
III. 1000 ga llon s 0 -498 0-430
P u t stra igh t into  work 0-341 0-2 8 0
V . N o  treatm ent 0 -421 0-381
P u t stra igh t into  work 0-395 0-343
I. 280 ga llon s .... 0 -245 0-179
Stored 6 m onths 0 4M 0-348
III. 1000 ga llon s 0 -272 0-202
Stored G m onths 0 -317 0 -255
V . • .. N o treatm en t 0 -220 0-101
Stored 6 m onths 0-494 0-412
The vaines which have been obtained for the abrasive resistance of the 
finished leather samples which have been examined are given in Table II. It 
can be seen from these figures that the values obtained for the duplicate 
leathers show a wide variation. This, however, is not greater than that 
commonly found in groups of supposedly similar leathers.
The value obtained for the abrasive resistance of a leather depends partly 
on the condition of preservation of the raw hide and partly on the conditions 
of tannage. There is no evidence from the figures in Table II  that the car­
bonate has, in any experiment, lead to an appreciable increase in the rate at 
which either grain or coriurn wear away under the action of an abrasive 
force. --
Conclusions
As a result of the experiments described above it may be concluded that 
the immersion of hides in a 4 per cent, solution of washing soda for 15 
minutes at room temperature does not cause any damage to the hides. In
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Fig. 5
E xp erim en t V ,.— F in is lied  leather. N o  sodium  carbonate treatm en t. H id es  
stored 3 m on ths.
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Fig. 6
E xp erim en t 111 ,.— F in ish ed  leather. 1 ,000 ga llon s sodium  carbonate so lu tion  
per 12 h id es. H id e s  stored 3 m on ths.
the experiments involving the use of a large ratio of liquor to hides (J'lxperi- 
ments III and IV), the niicrostnieturc in the limed pelt and in the finished 
sole bend was slightly less good than that of the control hides or oilier 
experimental hides. The deterioration, if any, was not sufficient to lower 
the figures for abrasive loss or to detract from the apjiearance of the bends 
in the warehouse.
Since even the hides which had been treated in the very large volumes of 
washing soda solution showed no obvious damage it is probably safe to assume 
that there is a fair margin of safety in this method of treatment. It is 
probable, therefore, that the treatment could be prolonged beyond tlie time 
of 15 minutes without causing any ajipreciable damage to the hides. If, 
therefore, owing to jiarticular circumstances attached to any one case of 
salvage, tbe hides remain in the disinfecting bath for an liour, it is unlikely 
that they will suffer any serious harm.
Sum m ary
Solutions of alkaline salts such as sodium hydroxide and sodium car­
bonate, if sufficiently concentrated, are known to have a destructive action 
on the virus of foot-and-mouth disease. On .occasion and in particular cir­
cumstances the Ministry of Agriculture has ordered that hides from cattle 
which had been in contact with the disease under discussion should be dijqied 
in a 4 per cent, solution of sodium carbonate. The present investigation was 
undertaken in order to determine whether this treatment was free from any 
deleterious effect on the hides.
It was found that hides may be treated with sufficient 4 per cent, sodium 
carbonate solution to ensure complete immersion without having any harmful 
effect. Although the evidence is not definite that the use of large volumes 
causes any damage to the hides, it is suggested that it is advisable not to use 
excessively large volumes of the carbonate solution.
If hides are immersed in a volume of liquor in which they are just com­
fortably submerged, the disinfecting bath can be used several times without 
losing much strength.
We wish to thank the Council of the British Leather Manufacturers’ 
Research Association and also Messrs. J. & W. N. Hutchings, Ltd., for 
permission to publish this paper.
We should also like to express our thanks to Dr. Galloway, of the 
Experimental Research Station of the Foot and Mouth Research Committee, 
for the interest which he has taken in this work and the helpful suggestions 
which he has made.
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T H E  U S E  OF A M IN E S IN  TH E  FEL LM O N G ER IN G  OF S H E E P  SK IN S  
AND T H E  L IM IN G  OF GOAT SK IN S. 
B y  
J . H . B ow es and W . B . P leass,
(Reprinted from the J .L  8 .L .T .G ,, 1942, 26, pages 140 to 145).
The use of amines as unhairing agents has been studied extensively in 
America and it is now a recognised commercial practice to add mono- or 
dimethylamines to lime liquors.
McLaughlin and O’Flaherty*^* have carried out experiments on the 
effect of the addition of amines to lime liquors on the fibre structure of ox 
hide, and conclude that amines have the same effect on unhairing 
as sulphide and cause no apparent damage to the hide. Moore, Highberger 
and 0 'F la h er ty co n firm  these findings with regard to dimethylamine and 
monomethylamine ; the rate of unhairing was accelerated and no harmful 
effects such as swelling or loss of hide substance were observed. Trimethyl- 
amine, however, they found to be comparatively inactive. The use of 
dimethylamine for the liming of calf skins has been shown to be satisfactory, 
the fibre structure of samples treated in lime liquors containing 0.1 per cent, 
dimethylamine. compared favourably with similar samples unhaired in lime- 
sulphide liquors (Conabere and Merry<^>). .
In this investigation a study has been made of the effect of mono-, di- 
and tri-methylamines on the fibre structure of two types of light skins, i.e.. 
sheep and goat. ■
]
The Fellm ongering of Sheep Skins, 
(I) Experim ental M ethod.
A wool sheep skin which had been pickled for three months was used 
for these experiments. The skin was depickled in borax for two days and 
washed in running water for several hours before painting.
In a preliminary experiment, fellmongering pastes of the following com­
position were made up:—
(1) Lime alone.
(2) Lime +  8 per cent, sodium sulphide crystals (2.6 per cent. Na^S).
(3) Lime +  1 per cent, monomethylamine, 
and in a second experiment:—
(1) Lime.
(2) Lime +  4 per cent, sodium sulphide crystals (1.8 per cent. N a ,S ).
(8) Lime -f 1 per cent, monomethylamine.
(4) Lime +  2 per cent, monomethylamine.
(5) Lime -t- 1 per cent, dimethylamine.
(6) Lime +  2 per cent, dimethylamine.
(7) Lime +  1 per cent, trimethylamine.
(8) Lime +  2 per cent, trimethylamine.
Two pieces of sheep skin 4ins. by Gins, were painted with each paste. 
After the paint had been allowed to dry slightly the two pieces were placed 
flesh to flesh and left until thé wool could be pulled comparatively easily; 
this was usually possible after 2 to 4 days. The samples were then de- 
wooled and passed on into a 4 per cent, lime suspension for a further 6 days. 
At the end of this period sections were cut and photographed. The limed 
samples were then delimed in 0.5 per cent, ammonium chloride, pickled in 
sulphuric acid and sodium chloride and chrome tanned. The pieces were 
dried and examined microscopically.
(il) Influence of M ethylam ines on the R ate of Dewooling.
The addition of sodium sulphide or of mono- or dimethylamine to the 
lime paste increased the rate of dewooling. Using à paste containing lime 
alone the wool could only be pulled with difficulty after 4 days, while using 
the lime-sulphide paste containing 4 or 8 per cent, sodium sulphide 
(Na^S.SUgO) the wool was quite loose after a few hours. The addition of 
mono- and dimethylamine increased the rate of dewooling to a lesser extent 
and it was 2 days before the wool could be pulled easily, the higher concen*- 
trations being slightly more effective than the lower concentrations. The 
paste containing trimethylamine was only a little more rapid in its action 
than lime alone. . .
(ill) Influence of M ethylam ines on the Fibre-Structure.
In the preliminary experiment, the difference in the fibre structure 
between the three samples was pronounced. The fibre structure of the 
sample dewooled With lime alone was fairly compact and well opened up, 
but the fibres were rather thin. The addition of 1 per cent, monomethyl­
amine to the fellmongering paste increased the fullness of the fibres and the 
section had rather a plumped appearance. This plumping of the fibres was
still more marked in the section of the sample which had been painted with 
lime and sulphide ; the fibres were very full and there was more splitting 
up apparent. It would appear, therefore, that methylamine has a plumping 
action on the fibres similar to that of sulphide. The action of the sulphide 
is the more pronounced but it must be remembered that the concentration 
of the sulphide in the paint is greater than that of the methylamine. In this 
experiment the limed samples were not subsequently chrome tanned.
Microscopical examination of the limed samples in the second and more 
detailed experiment confirms that the fibre structure is affected by the 
addition of methylamines to the fellmongering paste. The fibre structure 
of the sample painted with lime alone was rather loose and the fibres were 
rather thin and not very well opened up. After chrome tanning the fibre 
structure was still not good, the fibres although fairly full were poorly opened 
up with many open spaces. The addition of sodium sulphide to the fell­
mongering paste caused a marked improvement in the fibre structure of 
both the limed and the crust skins, the fibres were still fairly full, and were 
better opened up and more regularly woven than in the corresponding samples 
painted with lime alone.
The addition of 1 per cent, monomethylamine to the fellmongering paste 
produced a limed pelt rather similar in fibre structure to that produced by 
the lime-sulphide paste. The fibres, however, were not so full. After chrome 
tanning the amount of splitting up was. considerably greater than in the 
case of the pelt painted with lime and sulphide. The substitution of dimethyl­
amine for monomethylamine did not produce a pelt of quite such good fibre 
structure at the limed stage or after chrome tanning. After liming the fibres 
were fairly well opened up but the angle of weave was rather low .. After 
chrome tanning the angle of weave was still low and the fibre structure 
was not so evenly and finely opened up as that of the sample painted with a 
paste containing monomethylamine.
The addition of 1 per cent, trimethylamine had a plumping effect on 
the fibres and caused slight increase in the amount of splitting up. After 
chrome tanning, however, the fibre structure of the crust skin was little 
better than that produced by lime alone. ■ , ’
A greater amount of splitting of the fibres in the limed pelt was observed 
when the concentration of the methylamines in the fellmongering paste was 
increased to 2 per cent, and with di- and trimethylamine this increase in 
splitting up was accompanied by some disorganisation of the weave pattern. 
After chrome tanning the fibre structure of the three crust skins was not 
very good, suggesting that the opening up had been carried too far. The 
fibres were thin and gave the impression of having become stuck together 
again, especially in the case of the 2 per cent, monomethylamine, where a 
definite layered effect was visible.
Generally speaking, the results of these investigations indicate that the 
effect of methylamines on the rate of dewooling and the fibre structure of 
sheep skins is similar to that of sodium sulphide. Sodium sulphide probably 
produces the best fibre structure both in the limed and crust state; in fact.
the fibre structure of this crust sample may be considered satisfactory for 
most purposes. If, however, a greater degree of opening is desired in order 
to produce a very soft skin, such as those designed for gloving leathers, the 
presence of 1 per cent, monomethylamine in the fellmongering paste may be 
advantageous. The use of 1 per cent, dimethylamine in place of mono- 
,methylamine is rather less satisfactory, the crust skin being not quite so 
finely and evenly split up and the general appearance suggesting that some 
of the fibres have become stuck together again. The addition of 2 per cent, 
of any of the three methylamines to the fellmongering paste causes rather 
too much opening up at the limed stage with consequent sticking together 
of the fibres at the crust stage.
It has been suggested that a particular advantage of the use of methyl­
amines in lime liquors is that the leather produced has a better and smoother 
grain than leathers produced from skins unhaired with lime and sulphide. 
Even with these small experimental crust samples it was noticed that the 
grains of those which had been treated with a methylamine lime paste were 
much smoother than those which had been treated with either lime alone 
or a lime and sodium sulphide paste.
The Lim ing of Goat Skins. 
(i) Experim ental M ethod.
A dry-salted goat skin was soaked for three days in a 6 per cent, solution 
of sodium chloride containing 0.1 per cent. “ Chloros.” The skin was then 
washed for several hours in running water and divided into sixteen equal 
sized pieces. Two samples were then limed in 500 c.c. of each of the 
following lime liquors :—
(1) 6 per cent. CaO.
(2) 6 per cent. CaO -f 0.2 per cent, sodium sulphide crystals (0.06
per cent. NagS).
(3) 6 per cent. CaO +  0.5 per cent, sodium sulphide crystals (0.2
per cent. NajS). ■
(4) 6 per cent. CaO -f- 0.05 per cent, monomethylamine.
(5) 6 per cent. CaO + 0.1 per cent, monomethylamine.
(6) 6 per cent. CaO 4- 0.05 per cent, dimethylamine.
(7) 6 per cent. CaO +  0.1 per cent, dimethylamine.
(8) 6 per cent. CaO +  0.05 per cent, trimethylamine.
P ieces'of. pelt were removed for sectioning after 2, 4 and 7 days. At 
the end of 7 days the samples all unhaired easily. The unhaired samples 
were delimed in 0.5 per cent, ammonium chloride, pickled in 1 per cent, 
sulphuric acid and 10 per cent, sodium chloride and chrome tanned. Sec­
tions of the skins w^ ere cut in the crust state before staking.
(ii) Influence of M ethylam ines on the Fibre-Structure.
Microscopical examination of the sections of pelt showed that the
addition of sulphide or methylamines to the lime liquors has a similar effect 
on the fibre-structure of goat skins, as their addition to fellmongering paints 
has on the fibre structure of sheep skins. '
The samples treated with liihe alone were insufficiently opened up even
after seven days. This lack of opening up in the limed state resulted in a 
rather poor crust skin, the fibres were thin, poorly opened up, and loosely 
woven, with an almost horizontal angle of weave. The addition of 0.2 per 
cent, sodium suljphide to the lime liquor caused an increase in the fullness of 
the fibres and the amount of opening in the limed pelt at all stages. These 
features persisted in the crust skin but the weave pattern was not very 
regular. The addition of 0.5 per cent, sodium sulphide produced a greater 
plumping effect after 7 days liming than did the addition of only 0.2 per 
cent. The fibres of both the limed and crust skins were much opened up and 
the latter had a rather disorderly weave pattern.
The addition of 0.05 per cent, of monomethylamine caused some plump­
ing and some splitting up of the fibres, but the latter had not been carried 
far enough for most purposes, even after seven days liming. The section 
of the crust skin showed a slightly layered effect with a horizontal fibre 
weave. The fibre structure of this sample was little better than that of the 
pelt treated with lime alone.
The addition of 0.1 per cent, monomethylamine to the lime liquor 
gave the best results. The fibre structure of the samples of limed pelt after 
2, 4 and 7 days appeared to be more opened up and less plumped than that 
of the corresponding samples limed with the addition of 0.2 per cent, sodium 
sulphide. The crust leather had what is, for most general purposes, the best 
fibre structure of the series ; the fibres were fairly full, well opened up and 
regularly woven.
The addition of 0.05 or 0.1 per cent, of di- or trimethylamines to the 
lime liquor resulted in extensive plumping of the fibres at all stages of 
liming, unaccompanied by any apparent increase in the amount of splitting 
up. This resulted in thq production of crust skins having a poor fibre structure 
with thin fibres and a rather disorganised weave pattern. The skin limed in 
the presence of 0.1 per cent, was slightly worse than the skin limed in the 
presence of the lower concentration. Possibly a lower concentration of 
dimethylamine might produce satisfactory results.
A general consideration of these results indicates that the addition of 
monomethylamine to the lime liquor is mainly effective in causing opening 
up of the fibre structure together with slight plumping of the fibres. Di- 
and trimethylamine appear to plump the fibres to a greater degree than 
monomethylamine without causing any apparent increase in the amount of 
opening up. This produces a disorganisation of the weave pattern in the 
crust skin. The addition of 0.1 per cent, monomethylamine to the lim p, liquor 
appears to be beneficial, the crust skin produced having a good fibre struc­
ture suitable for most purposes.
As with the crust sheep skins, the crust goat skin samples which had 
been treated with a methylamine lime were much smoother on the grain 
than those which had been treated with either a sulphide lime or a straight 
lime.
Sum m ary.
The addition of sodium sulphide or mono- or dimethylamines to the
fellmongering paste increases the rate of dewooling and affects the fibre 
structure of sheep skins.
Dewooling takes place rapidly in the presence of sodium sulphide (4 or 
8 per cent.) Na^S-GIIgO), less rapidly in the presence of 1 per cent, or 2 
per cent, mono- or dimethylamines and only comparatively slowly with lime 
alone or with lime phis trimethylamine.
The addition of sodium sulphide (4 per cent. NajS.QH^O) to the fell­
mongering pastes improves the fibre structure of sheep skins and produces 
satisfactory limed pelt and chrome crust skin which is probably suitable for 
most purposes. The addition of 1 per cent, monomethylamine causes a greater 
amount of splitting up in the crust skin and may therefore be advantageous 
for certain purposes.
The addition of a higher concentration of monomethylamine or of 1 
per cent, or 2 per cent, of the other amines produces a less satisfactory fibre 
structure.
The fibre structure of dry-salted goat skins is affected by the addition 
of sodium sulphide or methylamines to the lime liquor.
The addition of 0.1 per cent, monomethylamine to the lime liquor gives 
a limed pelt and chrome crust skin of the best fibre structure. The addition 
of 0.2 per cent, sodium sulphide also produces a skin of good fibre structure. 
Di- and trimethylamine in concentrations of 0.05 and 0.1 per cent, cause 
marked plumping of the fibres in the limed pelt and consequent disorganisa­
tion of the weave in the crust skin.
With both sheep and goat skins the use of methylamines in either 
the fellmongering paste or lime liquor produces a smoother grain on the
crust skin than does the use of sulphide. ......
The authors wish to thank the Council of the British Leather Manu­
facturers’ Research Association for permission to publish this paper.
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“ R U N ” IN  GLOYING L E A T H E R . 
PART I I .— TH E  R E L A T IO N SH IP  B E T W E E N  “ R U N  ” AND  
CERTAIN PH Y SIC A L  P R O P E R T IE S. 
B y  J . H . B ow es.
(R ep rin ted  from  th e  J . I . S . L . T . C . ,  1942, 26 , pages 181 to  203).
In a previous investigation^^) a number of gloving leathers were exam­
ined microscopically and an attempt made to correlate various inicroscopical 
features with “ run ’’ as measured by feel.
The assessment of “ run ” merely by feel, however, is not an altogether 
satisfactory method and is subject to various limitations. Without a great 
deal of experience difficulty is encountered in comparing leathers at different 
times and standards may vary not only from individual to individual but 
also from day to day in any one individual. Methods of measuring “ run ” 
and of obtaining a numerical assessment of this quality have, therefore, been 
considered.
“ Run, “ as applied to gloving leathers is rather difficult to define, but 
a more clear idea of this quality may be reached by considering the methods 
normally employed in glove cutting. There are two main methods, block 
cutting and table cutting. In the first method the glove is cut out roughly 
to the shape of the hand. A leather with ‘ ‘ run ’ ’ is useless for this purpose 
since on inserting the hand, the glove will stretch and no longer fit the 
hand closely.
For table cutting, however, a skin with “ run ” is essential. The cutter 
works his skin first to length and cuts off the length required for the glove, 
he then pulls the skin at right-angles and cuts off a width. From this piece 
of leather, technically known as the trank, the actual glove is punched out. 
The cutter takes his measurements for the size of the glove he is cutting and 
if the leather is springy the trank will contract after cutting and be too small 
for thq punch. Thus for table cutting, a leather is required which is not only 
extensible but will maintain this extension when the tension is released, i.e., 
it must possess plasticity rather than elasticity.
“ Run ” is also of importance in the finished glove; in order to fit the 
hand perfectly the glove must ease to the shape of the hand, but when 
removed and pulled length-wise should assume its original shape. The 
degree of extensibility and plasticity in both directions is, therefore, of im ­
portance. .
Consideration of the above factors indicates that to obtain a satisfactory 
numerical value for “ run ” it is desirable to measure the extensibility and 
the degree of maintenance of this extension in several directions. •
In this investigation, a large number of different measurements have 
been made on the same series of (gloving leathers as that used in the 
earlier microscopical investigation. The extension in various directions under 
increasing load was measured. The leathers were also tested and the disten-
8ion and pressure required for bursting measured on the Diaphragm Tester 
of the British Boot, Shoe and Allied Trades' Research Association. B y kind 
permission of Sir Robert Pickard a number of these leathers were sent to 
the Shirley Institute and subjected to tests similar to those used in the 
examination of textiles,* including; —
1. Measurement of thickness, specific volume and incompressibility.
2. Measurement of stiffness— determination of bending length and 
flexural rigidity on the fiexometer.
3. Determination of elastic properties by means of the Bursting Tester.
4. Tensile tests— (a) Measurements of extensibility and permanent 
set after application and release of a dead weight load; (b) Measure­
ments of changes in width of samples under a given load.
On considering the results obtained as a whole it was found possible to 
relate “ run ” to certain measurable characteristics so that methods of test­
ing are now indicated which may serve to assess “ run ” on a quantitative 
basis.
I. Physical Properties— M ethods of D eterm ination  
and Consideration of R esults.
(i) Preparation of Sam ples.
The thirteen leathers examined covered a wide range of types, from a 
light kid suitable for women’s gloves to a heavy hair sheep leather more 
suitable for m en’s gloves. The leathers were examined qualitatively by feel 
and arranged in decreasing order of “ run.” The differences in the degree 
of run were in most cases fairly great and easy to distinguish by feel and it 
can be safely assumed that this order is essentially correct, although a few 
individual skins which were difficult to place exactly may be slightly out 
of order. Throughout this investigation, this qualitative technical assess-' 
ment by feel has been taken as a standard with which the results obtained 
by various physical tests may be compared. The leathers have been con­
sidered from the point of view of table cutting, in which run is a desirable 
quality, and therefore leathers have been classified as having good, fair or 
poor ” run ” according as to whether the degree of “ run ” varies from 
high to low.
It was impossible to carry out physical tests on the whole series of 
leathers which had been examined microscopically in the previous investi­
gation since in some cases the samples were too small to admit of this. Also, 
it was not possible to carry out all tests on samples cut from the best portions 
of the skin, but as far as possible, samples from each series of tests were cut 
from corresponding portions of each skin. The approximate positions of 
sampling for the various tests are shown in Fig. 1. In the smaller skins the 
samples were relatively nearer the neck portion.
* T h e author w ould lik e to express her th anks to D r. P e irce , under w h ose superv ision  th ese  
te s ts  w ere carried ou t, for h is  help  and  critic ism .
F ig . 1.
1. S am ples for ten s ile  te s ts  carried out a t th e  Sh irley  In st itu te .
2. Sam ple tested  on F iex o m eter  at th e  S h irley  In st itu te .
3. S am ples te sted  on  th e  D iap h ragm  T ester  in  B .L .M .E .A . laboratories.
4 . S am ples tested  for ex ten sion  in  th e  B .L .M .E .A . laboratories, u s in g  w id e  grips.
5. S am ples tested  for ex ten sio n  in  th e  B .L .M .E .A . laboratories, u s in g  narrow  grips.
The tests at the Shirley Institute were carried out under standard con­
ditions of temperature and humidity, viz., 65 per cent, relative humidity 
and 65-70°F . The samples were conditioned prior to testing.
The extensibility tests in these laboratories were carried out at 65°F. 
and 60 per cent. B .H ., while the tests on the Diaphragm Tester were carried 
out at 75°F. and 76 per cent. E .H .
(ii) Thickness, Specific Yolum e and Incom pressibility.
The thickness o l  each sample was measured in three places in each of 
the sectors of the samples used for the stiffness determinations under pres­
sures of 0, 1, 2, 5 and 10 lbs. per square inch. The diameter of the presser 
foot was three-eighths of an inch. The mean thickness in mm. of each 
sample at a pressure of 1 lb. per square inch is given in Table I. In  every 
case the parts of the sample nearest to the backbone were the thickest.
From the thickness at 1 and 2 . lbs. per square inch the compression 
modulus h in kilograms per square cm. was calculated from the equation 
A P
h =  d  where d is the thickness at a pressure of 1 pound per square
A d
inch and A d  the change in thickness due to a change A P  of pressure. The 
overall specific volume, i.e ., the volume occupied by 1 gram of the leather, 
was also calculated. The values for the compression modulus and specific 
volume are also given in Table I.
There is a tendency for the thickness to increase as “ run ” decreases. 
This is probably due to the fact that the leathers with less “ run " have 
come from older and larger animals whose skins are inclined to be thicker 
and less stretchy.
There is an indication that “ run ” may be associated with specific
yolume, since values of about 3 for specific volume were found with leathers 
having good “ run ” and values of about 2 with leathers showing poor 
“ run.” The incompressibility genert^lly increases as the ” run ” decreases.
TA BLE I.
Some Physical Properties of the Leathers.
L eath er  N o.
W eig h t m g. 
per sq. cm .
T h ick n ess, m m . a t 
pressure of 1 lb. 
per sq . inch
S p ecific
volum e
In co m p ressib ility , 
kg. per sq. inch
1 16 8 0 46 2 81 0 84
2 16 0 0 61 8 21 0 98
8 19 8 0 64 2 80 1 17
5 . 26 2 0  88 8 15 1 07
6 28 0 0 72 2 68 1 29
9 3 8 1 0  99 2 99 1 88
12 76 4 , 1 84 2 41 1 21
16 49 8 0 98 1 98 1 18
17 6 0 8 1 08 2 0 8 1 80
(ill) S tiffness as measured by the Fiexom eter.
The stiffness of each leather was determined on the fiexometer by the 
method described by Peirce*^* for textiles. This instrument and its applica­
tion to the measurement of the stiffness of leather has been discussed by 
Conabere.
The tests were carried out on circular samples 14 cm. in diameter, cut 
from the skin about 1 inch away from the backbone and 2 inches away from 
the tail edge. The discs were marked out into twelve equal sectors as shown 
in Fig. 2, the sector lying nearest the head being distinguished by an arrow.
Fig . 2.
D iagram  illu stra tin g  th e m easurem en t of th e  b end ing  len g th  in  d ifferent d irections.
The bending lengths in the twelve directions round the sample were then 
determined. The sample was first arranged on the fiexometer so that the 
leather was bent along the line ab and the bending length in the direction 
OA calculated from the results obtained with three different lengths over­
hanging. The sample was then arranged so that the leather was bent along 
the line cd  and the bending length in the direction OB determined. This 
was repeated in each of the directions round the circle. It must, therefore, 
be realised that the bending length and fiexural rigidity in any given direction
are the values obtained when the leather is bent along a line perpendicular 
to this direction.
Suitable lengths were chosen throughout to give a range of hending 
from 20° to 50°. Measurements were made both with flesh and with grain 
surfaces uppermost. From the mean of the three values of the bending 
length c, the stiffness or flexural rigidity G was calculated from the equation 
G =  wc^, where w  is the weight of the sample in mg. per sq. cm. 
In calculating G a correction was made for the thickness of the overhanging 
part of the leather. It was assumed that the weight per unit area of the 
overhanging part was proportional to its thickness, then
w d i
G =  ------  c=
d
where d is the average thickness of the whole disc and the average thick­
ness of the overhanging part of the leather.
The mean values for c and G are given in Table II. The bending length 
c gives a measure of the bending of the unsupported part of the leather when 
held in the hand. If c is small the projecting part will fall more steeply 
than if it is large, and gloves made from such leather will be more limp than 
those made from leathers with greater values for c. The flexural rigidity G 
measures the actual forces produced in hending the leather, leather's with 
large values of G will offer greater resistance to bending and so feel stiffer 
to the fingers than leathers with small values of G. Both the bending length 
and flexural rigidity increase as run ” decreases. The correlation with 
run is closer in the case of flexural rigidity, the values vary over a wide 
range and the differences between the leathers are more marked than in the 
case of the bending length.
TABLE I I .
Bending Length and Flexural Rigidity.
L ea th er  N o. 1 2 3 5 6 7
B en d in g  len g th  in  cm ......................
F lex u ra l r ig id ity  in  m g. cm ........
1 66 
75-7
1 60  
70 2
2 -1 8
209
2 -1 9
292
2 -1 1
270
2 -0 3
279
L ea th er  N o. 9 12 13 14 16 17 18
B en d in g  len gth  in  cm ........
F lex u ra l r ig id ity  in  m g . cm ........
2 -0 2
270
8 60
3510
2 -2 4  • 2 -4 1  
404 514
2-3 5
660
2 -6 5
9 5 0
2 -6 8
950
Leather No. 12 falls well out of order. This leather, although being 
fairly extensible was definitely rubbery and felt different from the other 
leather, and for this reason may not have heen assessed accurately by feel 
in the first place.
The values for the flexural rigidity in different directions in each leather 
have Been plotted as polar diagrams in which the radii are proportional to
the values of G in the corresponding directions. For example, the value of 
G obtained when the leather was bent along the line ab (see Fig. 2) is 
given on the vertical axis.
These polar diagrams show some degree of symmetry. This is under­
standable as opposite sectors were bent across the same direction. Flexural 
rigidity was in most cases greatest in the direction of the backbone, i.e., 
when the leathers were bent perpendicular to the backbone, although the 
actual direction of maximum flexural rigidity was often displaced to one side 
or the other. In general, if the flexural rigidity in one direction was large 
then that in the other directions was also fairly large. This probably explains 
why the average values for the flexural rigidity are found to show a relation­
ship to ” run.”
The polar diagrams for Leathers No, 2, 6, 14 and 16 are reproduced in 
Fig. 3. That of Leather No. 2 is typical of leathers having good ‘‘ run ” and 
showing a directional variation. Leather No. 6 has less run and the difference 
in the flexural rigidity in different directions is less marked. Leathers No. 
14 and 16 are typical, of leathers having rather poor ” run.” The directions 
of maximum flexural rigidity are different in these two leathers.
It was observed that the flexural rigidity, measured with the flesh side 
of the leather uppermost is generally greater than that measured with the 
grain side uppermost.
r"
LEATHER N9 2 
LEATHER N 9 6
 l e a t h e r  NO 14
 l e a t h e r  N 9I6
Fig. 3.
P olar  d iagram s sh ow in g  varia tion s of flexural r ig id ity  in  d ifferent directions  
for L ea th e rs  N o . 2 , 6 , 14 and 16.
(iv) E lastic Properties as measured by the Bursting Tester.
These tests were carried out on the circular discs which had been used 
for the stiffness measurements. The samples were clamped under an an­
nular foot 4 inches in internal diameter and distended by admitting water 
under pressure to the underside. A thin rubber diaphragm was used as a 
boundary between the water and the leather and corrections were applied 
to the results to compensate for the pressure necessary to distend the rubber. 
The percentage extension of the sample was calculated from the vertical rise 
of its centre assuming that it formed a spherical cap. The results of the tests 
are given in Table III. ,
TABLE III.
L ea th er  N o. 1 2 3 6 6 9 12 16 17
% E x te n s io n  a t 2 I b ./sq . in . for  
J m in u te  ................................. 10 0 11 0 7 8 7 -8 8 -8  ' 1 1 -2 1 4 -2 9 -4 8 -5
% E x ten s io n  a t 2 Ib ./sq . in . for  
15 m in u tes  ................................. 10 6 11 4 8  2 8 -3 9 -3 1 1 -9 1 4 -5 9 -8 8 -8
% E x ten s io n  a t 2 I b ./sq . in . a fter  
release ............................................... 5 6 6 0 3 0 4 -3 6 -5 6 -0 8 -0 5 -0 4 -3
% E x te n s io n  a t 4 8  I b ./sq . in . 
for J m in u te  ................................. 12 0 16 2 10 6 1 0 -2 11 -4 1 3-5 1 9 -0 1 1 -5 1 0 -1
% E x te n s io n  a t 4 8 I b ./sq . in . 
for 15 m in u tes 12 6 16 0 10 9 10 -9 1 1 -8 14 -1 19 -5 1 2 -1 1 0 -4
% E x ten s io n  a t 4 -8  I b ./sq . in . 
after  release  ................................. 7 6 6 6 4  0 4 -8 5 -5 6 0 8 -0 6-4- 5 -0
% E x ten s io n  at burst ................... 22 6 26 7 2 8 -6 3 0 -0 3 1 -6 3 9 -0 4 3 -0 2 7 -0 25 -5
B u rstin g  pressure, Ib ./sq . in ........ 24 6 18 5 3 8 -0 38 -0 61-1 8 1 -1 6 8 -9 4 4 -0 73 -8
The variation from leather to leather is in most cases comparatively 
small and does not vary directly with run, although there is some tendency 
for extensibility to decrease with decreasing “ run. The effect of local 
weaknesses in the leather is probably too great to allow any close correlation 
to be observed. It was observed that in the burst specimens the direction 
of break lay along the backbone of the skin in many cases.
(y) E xtensib ility  and Tensile Strength.
These tests were carried out on 1-inch wide strips cut both perpendicular 
and parallel to the backbone. The strips were mounted between grips 4 inches 
apart, a low tension (0.62 lbs.) was applied and the length measured. The 
strips were then loaded with a dead weight of 3 lbs. and the extension mea­
sured after half a minute, 5 and 15 minutes. The load was removed and the 
permanent set after 15 minutes was measured. Finally, the strips were 
broken in a tensile testing machine and the breaking load and extension 
recorded.. The changes in width of the strips whilst under tension were 
measured, and found to be practically unaffected by time of loading. Only 
the results of the measurements attained by maintaining the load for 15 
minutes are given in Table IV. The values obtained after half a minute and 
5 minutes are omitted since they were of the same order but slightly less 
than the values obtained after 15 minutes.
It would be expected that the mean values for the percentage, extension 
and percentage permanent set would be closely correlated to the degree of 
run of the samples as measured directly by feel. This, however, was' not 
found to be so. The method of measuring the extensibility has obviously an 
influence on the results obtained and this question is discussed further when 
the values obtained for the extension in these laboratories is considered.
The decrease in width of the strips when loaded by a dead weight show a
TA BLE lY .
Results of Tensile Tests,
L ea th er  N o. 1 2 3 5 6 9 12 16 17
T e n s i o n  o f  3 lb . f o r  15 m i n d t e s  
% E x te n s io n  para lle l to  b ack ­
bone ....................................  33 23 -14 38 14 15 22 40 15
% E x ten s io n  perpendicular to
backbone      12 16 25 26 38 34 21 18 13
% E x te n s io n , m ean  v a lu e    22 5 24 6 34 5 62 0 26 0 24 -5  2 1 -5  20 0 24 0
% P erm an en t set parallel to
backbone ..._    81 21 39 33 12 12 19 36 14
% P erm an en t set perpendicu­
lar to backbone ......................  11 12 22 ,24 34 21 16 14 11
% P erm an en t se t , m ean  va lu e  21 0 16 5 30 5 28 5 23 0 16 6 17 5 25 0 12 6
% D ecrease  in  w id th , m ean
va lu e  ............... 53 42 43 33 29 25 19 20 9
R atio  le n g th /w id th , m ean
va lu e  ............................   14 5 11 4 12 6 12 2 9 0 7 -8  6 -7  7 -8  6 -6
% W id th  decrease correspond­
in g  to  25% len gth  decrease 58 49 32 17 30 31 24 19 17
M ean breaking load, I b ./sq . in . 9 -2  1 4 -0  1 5 -5  17 -7  1 8 -5  1 9 -5  12 -4  9 -7  2 0 -1
% E x ten s io n  a t break, m ean
va lu e  ................   48 56 72 64 67 63 74 65 44
definite relationship with ” run.” It seems very likely that such a measure­
ment of change of shape will be closely related to the quality of “ run ” 
desired by the glove manufacturer.
Width change can be expressed in several ways, e.g.; —
1. Percentage decrease in width for a given load (3 lbs. in these tests)..
2. Eatio of length to width of sample after application of the tension, 
the original values of the length and width being reckoned as unity.
3. Percentage decrease in width based on a constant extension, say, 
25 per cent.
The figures obtained for the leathers by these three methods are shown 
in Table IV. B y the first two methods the leathers are arranged in order of 
" run ,” the greatest decrease in width being found with samples having 
the best ” run.” Only the order of Leathers 2 and 3, and 12 and 16, requires 
changing in order to make the series coincide with the qualitative technical 
assessment. B y the third method. Leather No. 5 falls well out of place and 
the whole range of variation is not so great as by the other methods.
In these tests, a weight of 3 lbs. was applied to a strip 1 inch wide for 
half a minute, 5 or 15 minutes, but the exact weight and time used are not 
important provided a specific procedure is adopted. A weight proportional 
to the weight of the leather might provide data more comparable over a 
wide range of materials, but for gloving leathers, one fixed weight seems to 
correspond better to the technical requirements.
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.Further measurements of extensibility were carried out in these labora­
tories using two widths of grip for holding the leather. In the first method 
samples approximately 10 cms. square were used. Toggle grips about 2 
cms. wide were used to hold the leather and were placed 9 cm. apart. The 
upper toggle was fixed to an upright support bearing a vertical scale cali­
brated in cm. and a rod with a platform on which slotted weights could be 
piled was attached to the lower toggle. Weights were added gradually and 
the extension noted at the following tensions: 0.5, 0.75, 1, 2, 3, 4 and 5 kg. 
The weights were then removed one by one and the extensions again recorded. 
The extension of the leathers was measured parallel and perpendicular to the 
backbone and also in diagonal directions at 45° to the backbone. A prelimi­
nary stretching parallel to the backbone was given before any readings were 
taken in order that the maximum change in length in each direction should 
be measured. Graphs were drawn giving the curves for extension and recoil 
in each case. The percentage extension and the percentage permanent set 
were calculated for each leather and the results are given in Table V. The 
percentage permanent set is the percentage extension remaining after the 
leather has been released from tension and is thus a measure of the plasticity 
of the leather. In Fig. 4 are shown two typical curves, one for a leather 
having good “ run " (Leather No. 2) and the other for a leather having poor 
“ run ” (Leather No. 17).
4 0 -
LEATHER N9 2
LEATHER N 9I2
LEATHER N 9 17
T E N S IO N  IN KG.
Fig. i.
G raphs sh ow in g  th e  curves for ex ten sio n  and release  
of leathers under g iven  loads.
TA B LE Y.
Extensibility of Leathers in Different Directions.
L eath er  N o . 1 2 3 5 6 7
% E x t h n s i o n  a t  5 K g. T e n s i o n
P a ra lle l to backbone ................... 43 4 38 5 41 4 4 0 -6 2 6 -1 2 8 -6
P erpendicu lar to backbone .... 51 4 5 5 1 42 3 29 -4 37-7 2 8 -0
45° to backbone ................... 44 4 30 6 61 8 3 4 -9 37 -2 25-7
315° to backbone ................... 52-7 40 3 29 2 4 0 -9 34 -9 3 5 -2
M ean va lu e  ................................. 48  0 44 • 3 44 1 3 0 -6 3 4 -0 33 -6
%  P e r m a n e n t  S e t  a f t e r
T e n s i o n  E e l e a s e d
P a ra lle l to  b a c k b o n e .................. 34 3 28 0 3 3 1 3 0-3 16 -3 2 2 -0
Perpendicu lar to backbone .... — 40 9 31 4 2 0 -9 2 8 -0 2 8 -6
45° to  backbone ................... 33 7 26 0 37 8 2 6 -0 2 8 -6 1 7 -7
315° to backbone .................. — 33 7 2 0  6 31 -4 2 6 -0 2 6 -9
M ean va lu e  ................................. — 32 3 30 9 27 -2 2 4 -9 23 -7
L ea th er  N o. 9 12 13 14 16 17 18
%  E x t e n s i o n  a t  5 K g . T e n s i o n
P a ra lle l to b a c k b o n e ................... 42 9 32 0 33 4 30 8 2 8 -6 23 -4 2 1-7
Perpendicu lar to backbone .... 33 7 36 8 29 4 81 4 28 -6 2 8 -0 2 6 -3
45° to backbone ................... 28 0 29 1 2 7 -2  2 6 -3 2 5 -7 2 4 -9 2 4 -3
315° to backbone ................... 46 2 37 8 3 6 -9  3 1 -2 27 -7 24 -9 2 4 -3
M ean  va lu e  ................................. 34 1 33 7 3 1 -7  3 0 -0 2 7 -7 2 5 -4 2 4 -3
%  P e r m a n e n t  S e t  a f t e r
T e n s i o n  E e l e a s e d
P a ra lle l to  b a c k b o n e ................... 30 0 17 1 2 5 -7  21 -1 1 8 -6 17 -1 1 3 -1
P erpendicu lar to backbone __ 22 9 17 7 2 1 -4  2 2 -0 2 0 -0 2 0 -6 1 6 -3
45° tor backbone 18 3 14 3 2 0 -6  17 -4 15 -4 17 -7 14 -9
315° to backbone 31 7 20 6 2 7 -4  2 0 -6 1 6 -9 19 -7 1 4 -3
M ean  va lu e 2 5-7 17 4 2 3 -7  2 0 -3 17-7 1 8 -9 14 -6
The curve for Leather No. 12, which is also given, shows that this 
leather, although fairly extensible, tends to recoil to a great extent, so that 
the percentage permanent set for this leather is about the same as that of 
Leather No. 17 which was far less extensible.
The mean values for the percentage extension and percentage permanent 
set show a definite correlation with “ run.” If the leathers are arranged in 
order of decreasing values of extensibility, they fall approximately into the 
same order as that obtained for ” run,” only Leathers No. 9 and No. 7 
having to be reversed. The leathers also fall into a similar series if the per­
centage permanent set is considered. In this case Leathers No. 7 and 9, 
and No. 16 and 17 are reversed and Leather No. 12 falls badly out of place, 
due no doubt to its rubbery quality already mentioned.
This method of measuring the extension using the small grips appears, 
therefore, to give results which may be used for the evaluation of “ run.” 
It was observed, however, that in using narrow grips of this type a waist
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effect was obtained when the leathers were stretched and it was thought 
that this might lead to some error. The measurements were, therefore, re­
peated using larger samples and grips 10 cms. in width. These grips were 
made from three Meccano strips fixed together by three screws.
The values obtained for the percentage extension by this method varied 
over a smaller range. The maximum range of variation was 11.7 to 29.6 
and the majority of the values were below 20. The mean values for each 
leather varied between 14 and 22 and appeared to have no connection with 
‘‘ run ” as measured by feel. Consideration of the figures obtained for the 
percentage permanent set also appear to bear no relationship to “ run.”
A possible explanation of the discrepancy in the results obtained by 
these two methods can be obtained by consideration of the relationship 
between the width of the grip and the length of the leather subjected to 
extension. In the first method the length is more than four times the width 
of the grip, whilst in the second method the length and the width were the 
same. In measuring “ run ” by feel it is usual to stretch the skin first in 
one direction and then in the other. The hands are equivalent to the grips 
used in these experiments and the length of the skin equivalent to the length 
of the strip. It will be seen, therefore, that the first method, in which the 
grips are small, approximates more nearly to the conditions occurring in 
practice and for this reason gives results which can be correlated with the 
qualitative technical assessment of “ run.”
Consideration of the values for the percentage extension and percentage 
permanent set in different directions as determined by the first method, 
shows that in most leathers there is a direction of maximum and minimum  
extensibility. In  some leathers the difference between the maximum and 
minimum values is more marked than in others, and in general, it is found 
that leathers having good “ run ” show a greater variation of extensibility in 
the different directions than do the leathers with less ” run.” , In Fig. 5 
are shown polar diagrams giving the percentage extension in different direc­
tions of three leathers, one having good “ run ” (Leather No. 2), another 
fair (Leather No. 9 ), and the third rather poor “ run ” (Leather No. 18).
In most cases the extensibility was greater when the leathers were 
stretched perpendicular to the backbone than when stretched in the direction 
of the backbone. T h e . direction of maximum extensibility, however, does 
not necessarily lie either parallel or perpendicular to the backbone but may 
be in one of the diagonal directions. This suggests that, although in the 
original skin the directions of maximum and minimum extensibility are 
related to the direction of the backbone, these directions are modified by the 
finishing processes such as crushing and staking and may lie in any direction 
in the finished leather.
The effect of staking and straining while drying on the direction of 
maximum and minimum extensibility and flexural rigidity is further con­
sidered in Part III.
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Fig. 5.
P olar d iagram s sh ow in g  varia tion s in  th e percentage ex ten sion  in  
different d irections for L ea th ers  N o . 2 , 9 and 18.
(vi) D istensib ility  and Bursting Pressure as measured by the Diaphragm  
Tester.
The leathers were tested for distension, crack and burst on the Dia­
phragm Tester. This instrument has been described in detail by Bradley''^’ 
and McKay'“> and a short description of the instrument is also given by 
Conabere.
In this investigation three duplicate samples were taken from each 
skin. The thickness of each was measured and the distensions at pressures 
of 1, 2, 3, etc. kg., up to the bursting pressure, were observed. Thickness, 
distension at pressure of 5 kg. and at the pressure where the leather cracked, 
and the pressures required to crack and to burst the leather, are recorded in 
Table VI, each figure being an average of three determinations.
The distension at 5 kg. does not vary greatly from leather to leather. 
There is a tendency for those leathers having good “ run ” to show greater 
distension than leathers having poor “ run,” but the distension does not 
differentiate further between the different degrees of ” run.” If the disten­
sion at 5 kg. is plotted against the thickness of the samjrle, there is found 
to be a relationship between the two properties. The decrease in distensibility 
is therefore probably due to the increasing thickness which accompanies 
decreasing ” run ”, rather than to any direct relationship with “ run.”
The pressures at crack and burst show no direct correlation with ” run.” 
These values are a measure of the strength of the grain and corium rather 
than of the degree of ” run ” of the leather.
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II . Consideration of the Physical Properties of the Leathers 
in Relation to ” R u n .”
Consideration of the results as a whole indicates that many of. the phy­
sical properties measured show some tendency to .vary with ” run ” as 
assessed qualitatively by feel.
TA BLE YI.
Distensibility and Bursting Pressure.
L eath er
N o .
T h ick n ess,
m m .
D isten sio n  
(m m .) at 
5 kg . pressure
D isten sio n  
(m m .) 
at crack
P ressu re  
(kg.) 
at crack
P ressu re  
(kg.) 
a t burst
1 0 24 6 -8 7 -9 8 9
2 0 29 7 -7 7 -4 5 16
3 0 25 7 -2 8 3 6 14
■ 5 0 48 6 -0 7 -6 11 18
0 0 52 6 -5 8 -5 18 ■ 26
7 ■ 0 69 7 -0 8 -0 9 14
9 0 -51 5 -9 8 -0 23 35
13 0 -68 5-2 7 -5 . 39 43
14 0 -5 3  • 6 -3 7 -0 10 13
16 0 -5 8 5 -4 6 -1 8 19
17 0-6 7 5 -2 6 -7 24 25
18 0 -8 9 4 -9 7 -2 34 35
In many cases, however, the variations from one end of the series to 
the other are small and irregular and sufficient only to distinguish leathers 
of good ” run ” from those of poor “ run.” For instance, in the case of 
overall specific volume, it may be said that leathers having values of 2.8 or 
greater have good ” run,” whereas those having values of about 2 or less 
have poor ” run,” but it is not possible to differentiate further. Similarly, 
with the property of incompressibility, values of 1 or less can be associated 
with leathers having good “ run,” while leathers giving values greater than 
1.5 may be assumed to have poor ” run.” The results • obtained on the 
Bursting Tester and Diaphragm Tester give similar results, but the tendency 
to vary with ” run ” is rather less.
The variation in the mean values obtained for percentage extensibility 
according to the methods employed have already been discussed. The method 
adopted at the Shirley Institute and the method employed in this laboratory 
using large 10 cm. grips do not give results which can be related to “ run.” 
The values obtained using small grips, however, show a relationship to 
” run.” Other properties which show a relationship with ” run ” are flexural 
rigidity as measured on the fiexometer, and the change in width of strips on 
the application of tension. The latter may be expressed as percentage of 
decrease in width caused by a given weight for a given time or by the ratio 
of length to width when a given tension is applied, the original length and 
width being taken as unity. The mean values obtained in the above tests 
have been plotted against the number of the leathers- arranged in order of
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” run ” (see Fig. 6 ). It will be seen that all the curves fall with decreasing 
” run ” and follow the same general shape. Leather No. 12 has been ex­
cluded since it fell out of place in most cases owing to its peculiarly rubber­
like properties.
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Fig . 6.
G raph sh ow in g  the rela tion sh ip  b etw een  “  run ”  and certa in  p h ysica l 
properties o f th e  leathers.
It was stated earlier that in evaluating “ run ” from the glove
manufacturer’s viewpoint it was probably necessary to take into account 
the degree of ” run ” in different directions. In practice it has been found
that, although there are directions of maximum and of minimum “ run ”
(usually at right-angles to one another) as measured by the above methods, 
the degrees of “ run ” in the different directions are of the same order and 
therefore in most cases the mean values for the extension, flexural rigidity, 
etc., represent a fair estimate of the ” run ” of that skin in accordance with 
the qualitative technical assessment made by feel. Actually in evaluating 
” run ” by assessment of the feel of the whole skin it is impossible not to 
take into account the degree of “ run ” in directions both parallel and per­
pendicular to the backbone. Great extensibility parallel to the backbone 
means correspondingly greater width-wise shrinkage and when the skin is 
stretched perpendicular to the backbone, the greater this width-wise shrinkage 
has been, the greater will appear the extension in this direction.
It may be assumed, therefore, that the mean values for these directional 
properties can be used to evaluate ” run ” on a numerical basis and an 
attempt can be made to give certain limiting values for varying degrees of 
“ run . as follows ; — , ,
U
Flexural Rigidity.
R a n g e  of A ssessm en t of L eath ers  in  each
V alu es. '! R u n .” Group.
L es s  th an  100 V ery g o o d .................. 1 , 2.
100— 200 .................. Good .................. 3.
200— 400 .................. F a ir  .................. 5 , 6 , 7 , 9 , 13.
400— 800 .................. R ath er  poor 14, 16.
Over 800 .................. P oor .................. 12 , 17 , 18.
Percentage Extension a t S E g . Tension.
R a n g e  of A ssessm en t of L ea th ers  in  each
V alues. ”  R u n .” Group.
Over 40 .................. V ery  g o o d .................. 1 , 2 , 3.
35— 40 . . .  . .. Good 5.
30— 35 F a ir  .................. 6 , 7 , 9 , 12 , 13.
25— 30 .................. R a th er  poor 14, 16 , 17.
Less, th an  25 P oor .................. 18.
Percentage Perm anent Set after Application of S Kg. Tension.
R an ge  of A ssessm en t of L ea th ers  in  each
V alu es. ” R u n .” Group.
Over 30 .................. V ery  g o o d .................. 2 , 3.
25— 30 Good .................. 5.
20— 25 F a ir  .................. 6 , 7 , 9 , 13.
15— 20 .................. R ath er  poor 14, 16 , 17.
L e s s  th an  20 ..., P oor ................... 12, 18.
Percentage Decrease in W idth for Load of 3 lbs.
R a n g e  of A ssessm en t of L eath ers  in  each
V alu es. “ R n n .” Group.
O ver 60 V ery  g o o d .................. 1 .
45— 60 .... .... Good 2 , 3 , 5.
30— 45 .... F a ir  ................... 6 , 9.
.20— 30 R ath er  poor 16.
L e s s  th a n  20 P oor 12 , 17.
It will be noted that the leathers fall into more or less the same groups, 
independently of which of these methods is used for evaluating “ run.” 
Further measurements on other leathers may necessitate the modification 
of the limits suggested, but as a first attempt at giving a numerical value to 
the quality of “ run ” they appear to afford a reasonable basis for assess­
ment.
For practical purposes it will probably be most convenient to evaluate 
” run,” by determining the flexural rigidity, since the values obtained for the 
extensibility of the leathers appear to vary according to the conditions under 
which the determinations are carried out and difficulties are involved in 
deciding what shall be taken, as the initial unstretched length of the sample. 
This is, therefore, not a very suitable method of evaluating “ run ” unless, 
the conditions of determination are very carefully standardised. The same 
disadvantage is probably applicable to the evaluation, of run by measure­
ment of decrease in width. . The flexural rigidity can easily be determined, 
under standard conditions and is therefore probably the most suitable method 
for evaluating ” run.” -
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III . The Relationship B etw een  E xtensib ility , Flexural Rigidity  
and Fibre Structure.
Since it has been suggested that the flexural rigidity shall be taken as a 
measure of the “ run ” it is of interest to consider the relationship between 
this property and the extensibility in different directions. In Fig. 7, the 
values for the flexural rigidity G in four directions in each sample are plotted 
against the coi'responding values for the percentage extension. As would be 
expected from the previous discussion, there is a definite relationship, high 
values for the extensibility being associated with low values for the flexural 
rigidity.
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Fig . 7.
G raph sh ow in g  th e  rela tion sh ip  betw een  th e  E x te n s ib ility  and F lexu ra l 
R ig id ity  of th e  L ea th ers .
. Comparison of the polar diagrams for the flexural rigidity and the 
percentage extension show that the leathers 'are most extensible in the 
direction in which the flexural rigidity is least. That is, if a leather has a 
small value for the flexural rigidity when bent about a line parallel to the 
backbone, then the extensibility when the leather is stretched perpendicular 
to the backbone is correspondingly large (see Figs. 2 and 4, Leather No. 2 ).
Conabere*^* has shown .that in chrome calf upper leathers there is a 
relationship between thé fibre structure and the stiffness in different direc­
tions. She has found that in sections cut perpendicular to the direction in 
which the flexural rigidity is least, the fibres are predominantly cut in a 
longitudinal direction, whilst in sections cut parallel to this direction, more 
cross-sections of fibres are visible, accompanied by a rather higher angle of 
weave. This indicates that flexural rigidity is least in a direction at right- 
angles to that in which the majority of the fibres are running.
The above conclusions arrived at for calf upper leathers do not necessarily 
apply to gloving leathers. These leathers are usually subjected to various
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finishing processes, designed to increase the extensibility,’ which will tend to 
disturb the fibre weave of the original skin.
To test this, sections were cut parallel and perpendicular to the direction 
of minimum fiexural rigidity in each sample. Microscopical examination 
showed that in every case where a direction of maximum and minimum  
stiffness could be distinguished numerically, a difference between the sections 
could be observed. There were many more cross-sections of fibres visible 
in the sections cut parallel to the direction of minimum fiexural rigidity than 
in the sections cut perpendicular to this direction. In this latter direction, 
longer interweaving fibres could be seen and the angle of weave tended to 
be lower. Fig. 8 illustrates this. Photomicrograph A shows a section of 
Leather No. 2 cut perpendicular to the direction of minimum flexural rigidity, 
and B a section of the same leather cut at right-angles to this direction. 
Fig. 9, showing sections of Leather No. 18, illustrates this further. It 
therefore follows that flexural rigidity is least in a direction perpendicular to 
which the majority of the fibres are running. Since the directions of mini­
mum flexural rigidity and greatest extensibility coincide, extensibility is also 
greatest in a direction perpendicular to that in which the most fibres run. 
This would suggest that extensibility is dependent on the separation of the 
fibres longitudinally as well as on the stretching of the fibres themselves. It 
would be expected that the extension produced by separation of the fibres 
longitudinally would be permanent, whereas the stretched fibres would tend 
to return to their original length.
The above discussion shows that both extensibility and flexural rigidity 
are dependent on the direction of the fibre weave in the leather. Assuming 
that the directional variations of the fibre structure are similar in all un­
treated skins, the fact that the direction of maximum and minimum exten­
sibility and fiexural rigidity are not always related in the same way to the 
position of the backbone, suggests that the finishing processes to which glove 
leathers are subjected are able to produce a certain amount of alteration of 
the fibre weave.
The effect of subjecting the skins to various strains during drying has 
been investigated and the results are reported on in Part III.
The author wishes to thank the Council of the British Leather Manu­
facturers’ Research Association for permission to publish this paper.
Summary.
1. The physical properties of a number of gloving leathers have been 
measured and the relationship of these properties to the quality of “ run ” 
as assessed by feel has been considered. .
2. Certain properties such as fiexural rigidity, extensibility and per­
centage decrease in width under a given load are found to be related to 
“ run.” .
3. These properties have been used to evaluate “ run ” on a numerical 
basis and certain limiting values are given for varying degrees of “ run.”
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Fig. 8.
Pliolonvicrograplis sh ow in g  th e fibre structure o f L ea th er  N o . 2.
A . Cut perpendicular to direction of m in im um  flexural r ig id ity .
B . Cut parallel to  direction of m in im um  flexural r ig id ity .
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Fig. 9.
Ph otom icrographs sh ow in g  th e fib re structure of L ea th er  N o . 18.
A . Cut perpendicular to  direction of m in im um  flexural r ig id ity .
B . Cut paralle l to  directiou of m in im um  flexural r ig id ity ,
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4. It is suggested that flexural rigidity is the most practical method for 
evaluating “ run.” The leathers are most extensible in the direction in which 
the flexural rigidity is least.
5. Examination of the fibre structure of sections cut parallel and per­
pendicular to the direction of minimum flexural rigidity shows that stiffness 
in different directions can be associated with certain variations in the fibre 
weave. In sections cut perpendicular to the direction of minimum flexural 
rigidity, the fibres were predominantly cut in a longitudinal 'direction. The 
angle of weave was lower and more long interweaving fibres were visible 
than in sections cut parallel to the direction of minimum flexural rigidity. 
Therefore, the leather is least stiff and most extensible in a direction per­
pendicular to which the most fibres are running.
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“ R U N ” IN  GLOYING L E A T H E R . 
PART I I I .— T H E  E FFE C T  OF STR AININ G  A N D  C R U SH IN G  ON TH E  
F L E X U R A L  R IG ID IT Y  OF A N U M B E R  OF GLOYING L E A T H E R S. 
B y  J . H . B ow es.
It was shown in Part 11*^ ' that “ run,” as measured by extensibility and 
flexural rigidity, varies in different directions of the skin.
In general, it was found that the directions of maximum and minimum  
“ r u n ” lie approximately perpendicular and parallel to the backbone 
respectively, but in a few cases the directions were reversed. These varia­
tions in direction were considered to be due to the methods of processing 
such as crushing (or stocking), staking and straining to which the skins 
had been subjected. It was, therefore, decided to carry out experiments in 
order to determine the effect of crushing and of straining the leathers in  
different directions during drying.
The leathers used in this investigation were kindly supplied by Messrs. 
Dent Allcroft, who also carried out the straining and crushing processes.
Experim ental Procedure.
The leathers examined had been treated as follows: —
Leather  No.  1—Alum tanned, Spanish lamb skin— dyed fawn. No 
straining. '
Leather  No. 2—Alum tanned, kid skin—undyed. No straining.
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Leather No. 3—Alum tanned, kid skin—undyed. Dried tacked out.
Leather  No. 4—Alum tanned, kid skin—undyed. Strained along 
backbone.
Leather No. 5—Alum tanned, kid skin—undyed. Strained across 
backbone.
LEATHER NO. 2 TLEATHER NO.I
FLEX U R A L R IG la ilV M G C H . FLEXURAL RIGIDITY.MG.tM.
l e a t h e r  NO.3 ^ LEATHER NO. 4  f
f L e x u r a l  r i o id I t y .  Wg.CM. 
\2bo 466 6 0 0  8ÔO '
F L E X U R ^ l  R IG ID ITY .
2 0 0  400/
^ — /
_ _ _  CRUSHED NOT CRUSHED
F ig . 1.
P olar d iagram s g iv in g  th e  flexural r ig id ity  o f th e  leath ers in  d ifferent d irections. 
Leather No.  1— A lum  tan n ed  S p an ish  lam b sk in — n ot stra ined .
Leather No.  2— A lum  tanned k id sk in— not stra ined .
Leather .No.  3— A lum  tan ned  k id sk in— stra ined  in  all d irections.
Leather No.  4— A lum  tanned k id sk in— stra ined  a lon g  backbone.
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LEATHER NO. 5
FLEXURAL / RIGIDITY IN MO.CM.
2 5 0  45jÔ 6 0 0  8 0 0  lO'OO: I2d
CRUSHED  
NOT CRUSHED
Fig. 2.
Leather No. 5—Alum tanned kid skin—strained across backbone.
Polar diagram giving the flexural rigidity in  different directions.
After straining the skins were divided down the backbone and one half 
crushed. Crushing consisted, of a light stocking carried out on the dry 
leather with the addition of a little French chalk to lubricate the skins so 
that they turned easily. Circular samples were cut from the skins about 
1 inch away from the backbone and 2 inches in from the tail. The flexural 
rigidity in twelve directions was determined for each sample as described in 
Part II. Polar diagrams of the leathers before and after crushing are given 
in Figs. 1 and 2.
Discussion of R esults.
It  will be noticed that there is a considerable variation in the flexural 
rigidity from sample to sample. These differences are probably due to 
differences in the original skins. It was not, therefore, possible to draw any 
conclusions with regard to the effect of the straining on the flexural rigidity 
of the skins as a whole, since unless a large number of samples are examined 
the individual variations from skin to skin cannot be eliminated. I t  is 
probably safe to say, however, that before crushing the Spanish lamb skin, 
is more flexible than the kid skms, but is less affected by this process than 
are the other skins. Contrary to expectation straining in different directions 
had little obvious effect on directions of maximum and minimum flexural 
rigidity. Crushing reduced the flexural rigidity to a marked extent and 
minimised the variation in flexural rigidity in different directions.
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In the kid skins, crushing also affected the direction of maximum stiff­
ness; before crushing this lay between 60° to 90° to the backbone, while after 
crushing it was approximately parallel to the backbone. It is probable, there­
fore, that even if straining initially has some effect on the stiffness in different 
directions, this will disappear on crushing.
The author wishes to thank the Council of the British Leather Manu­
facturers’ Research Association for permission to publish this paper.
Reference.
(1) B o w es  (1942), J . I . S . L . T . C. .  26, 181, ibid.  189.
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Introduction.
This work was undertaken to obtain information about the natural grease 
of sheep- and goatskins and to determine what changes take place during 
the storage of such skins in the wool or hair or after dépilation. The present 
report describes a study of the changes in the fibre structure, and in the 
distribution and composition of the grease, which take place during the 
storage of sheep- and goatskins in the pickled and in the salted conditions. 
Most of the recent work carried out has been confined to a study of the 
grease present in hides. Ivoppenhoeffer (1936) states that three types of 
grease, differing in chemical composition may be found in hides. These 
are the greases similar in composition to wool grease (lanolin), the triglyceride 
greases (the neutral fats), and the greases which contain compounds of fatty 
acids and phosphoric acid (phospholipins).
Koppenhoeffer and Highberger (1984) have found that grease of the 
wool grease type and of the phospholipin type are mainly present in the 
grain layer. The amount of phospholipin grease present in hides and skins 
is small.
Koppenhoeffer (1936) states that the corium of ox-hide contains about 
0.5 per cent, of phospholipin (on the fresh skin weight), and according to 
Koppenhoeffer and Highberger (1934) the grain layer contains about twice 
as much phospholipin as the corium.
The triglyceride portion of the grease in hides varies in amount between 
wider limits than do the other two types of grease (Koppenhoeffer and High­
berger, 1934). These workers find the grease present in the corium consists 
to a large extent of triglycerides and probably represents the fat contained 
in the fat cells of the corium. The amount of triglyceride grease varies from
* T h is  paper is  based on a report, published  in  th e L aboratory R eports of th e B ritish
L eath er  M anufacturers’ R esearch  A ssocia tion  in  1937.
animal to animal, and it may he considered tliat variations in the grease 
content of skins is mainly due to variations in tlie amount of triglyceride 
grease.
The grease content of sjieepskins (from domestic sheep) is higher than 
that of most other hides or skins. In different skins, and in different areas 
of t he same skin, it may vary het w een 10 and 100 g. grease per 100 g. 
collagen. The grease content of goatskins, \vhi(di is usually lower than that 
of sheepskins, may also vary w ithin wide limits, as shown in Tables 1 and VI.
TABLE I 
Grease Contents of Goatskins
T ype of cure Source of skin
g . G r e a s e  p e r  "o o f  to ta l  
11)11 g. g re a s e  e x t r a i  teil 
a i r - i lr y  fiy l ig h t  
sk ill  p e t r o le u m *
— A n a ly s is  of g re a s e  —  
'i, F re e  %  U n s a p o u i-  
l a t t y  f ia b le
a c id  m a t t e r
thy sal ted ('ape .................. 1.5 •1 93 15 6 3 7
Capet .................. 57 0 — 5-8 0 3
Cape .................. 12 0 — 26 6 3 9
P a t n a ’, .................. 3 -8 71 12-1 —
Patna 1 .................. 6 0 80 56 6 —
Patna ... 1 3 0 83 30 4 —
Patna ... 10 1 83 29 7 —
Dacca ... 6 9 90 76 9 —
Sun dried K a m p a la 6 -6 73 38 4 —
Calcutta 4-9 82 36 8 —
C a p e  ................... 5 9 90 43 0 —
T a n g i e r 1 8 78 12 3 —
D a c c a .................. 3 2 78 7 9 —
N i g e r i a 5 0 — 24 2 —
N i g e r i a A 3 — 12 8 —  .
Nigeria! 17 9 — 23 3 —
N i g e r i a ) 14 2 — 13 0 —
■* 3 liotirs’ extraction  in  S ox iilct apparatus  
f  G reasy  skin
 ^ Skin sh ow in g  m ould grow th
Kopiienhoeffer (1937) has also studied the changes taking place in the 
composition of the grease from steer hides after flaying, after storage in the 
salted condition and after liming. He has shown that hydrolysis of grease 
in steer hides commences within 24 hours of flaying and continues during 
storage in the salted condition, and that ap[freciable oxidation of the grease
does not ocxnir during storage. These observations are in harmony with those
made in the present investigation. Ivopjienhoeffer also found that after 
storage of the salted hide for 6 months the phospholipins w ere completely 
decomposed, and that liming decomposes the phospholipins and neutralises 
free fatty acids, but does not affect the corinm triglycerides.*
* S in ce the orig in a l pu b lication  of th is report a num ber of papers by K oppenhoeffer and  
co-w orkers h ave  appeared—
K oppenhoeffer, J.A. L. C. A. ,  1937, 32, 627 and 637 ;
• K oppenhoeffer, ] . A. L .C.A. ,  1988, 33, 79 and 203;
. - K oppenhoeffer, J.A. L. C. A. ,  1939, 34, 240 and 380.
■ T h ese  papers report work carried out on th e lip id s o f h ides and sheep and go a t­
sk in s. E x h a u stiv e  an a lyses  o f the grease  in  th ese  sk in s  h ave been m ade and th e effect 
of various processes such as cu rin g , lim in g  and b a tin g  on th e com position o f th e  grease  
h as been determ ined.
A part of the grease in hides and skins cannot be extracted with grease 
solvents, hut can only be isolated after hydrolysis of the collagen. See 
Fahrion (1910), Stiasny (1931), McLaughlin and Theis (1924, 1925 and 1926), 
Koppenhoeffer, 1936 and 1937).
The amount of this unextractable grease is not likely to exceed 1 per 
(tent, of the air-dried weight of skin. It is, therefore, of minor importance 
from the standjioint of tlie present investigation, since the results obtained 
show that very wide variations may exist in the rate at which the grease can 
be removed, particularly from sheepskins, by light petroleum. These varia­
tions resnlt in considerable differences in the amounts of grease which can be 
removed from the skin nnder different conditions.
E xp erim en ta l M aterial and M ethods.
(i) I-*RE1‘/\U.\TI0N OF TflE EXPERIMENTAL PlECES.
I loth the sheep and goatskins used in this experiment were received 
within six hours of slaughtering and flaying, and were at once cut along the 
backbone. Tlie right sides were cut into quarters which were pickled or salted 
at once. The left sides were sent to a fellmonger, who removed the wool or 
hair, using a paint which contained 6 g. crystalline sodium sulphide per 
100 c.c. filtered solution, and retnrned the sides to the laboratory. The 
unhaired sides were limed for two days in 10 litres of liquor containing 4 per 
cent, of lime and 2 per cent, of gelatin (to simulate the action of the products 
of the hydrolysis of proteins which are present in old lime liquors), and then 
limed for 4 days in 10 litres of licpior containing 4 ])er cent, of lime, and no 
gelatin. The proportions of lime in the liquors are calculated as quicklime. 
After liming the sides were washed with water and then delimed during 
3 hours in a 0.5 per cent, solution of ammonium chloride, which brought 
them to a pH value of approximately 7.5. They were then washed, drained 
and cut in half, the two quarter skins being at once pickled or salted.
The two shoulder quarters were each pickled in 4 litres of a liquor which 
contained 1 per cent, of sulphuric acid and 10 per cent, of salt. These con­
centrations have been shown to give the most satisfactory results in pickling, 
and ])elts ])ickled in these conditions give aqueous extracts having pH values 
of 2.0 to 2.2 (Pleass, 1934). After 1 hour the liquors were jioured off and 
replaced by 12 litres of liquor of the same composition. The quarters were 
left in tlie second liquors overnight, removed and drained. After use the 
second liquor contained 0.8 per cent, of sulphuric acid. A jiortion of the 
dewooled sheejiskin was pickled in a liquor which contained a low concentra­
tion of acid, in order to allow the development of mould. This liquor origin­
ally contained 0.5 per cent, of sulphuric acid and 10 per cent, of salt, and 
after use it contained 0.3 per cent, of sulphuric acid. Pelts pickled in these 
conditions give aqueous extracts with pH values above 2.4 at the time of 
pickling, and as the storage of the pelts is prolonged mould growth develops 
whicdi is accompanied by an increase in the pH value of the aqueous extract.
The butt quarters (one in the hair or wool, and one unhaired or dewooled) 
were salted on the flesh side with medium grain salt. This was removed
afler 24 hours and a second a]i|)lication of salt was given and tlie pieces 
allowed (o dry. Mach application of sail was approvuniaIely lapial in weight 
to the sample to which it was applied.
The pickled (]uarters were stored in stoppered jars in an incuhaior at 
25°C. and the salted (juarters, rolled np, with the adhering salt, were stored 
in the same incubator; during storage the salted quarters dried to varying 
extents. Immediately on receipt of the skins, immediately after liming and 
immediately a I'1er pickling or sailing, samples were taken for ndcroscopical 
and chemical examination. During storage, samples were taken from the 
pickled quarters after 6 weeks, 3 months, 8 montlis and 15 months, and 
from the salted quarters after 3 months and H months. The positions from 
whi(di the samples were taken are shown in Fig. 1.
(ii) MiCROscoiTc.vi, TiîenNiQinL
The samples for microscopical examination were hardened by immersion 
for one week in an aqueous solution of formaldehyde (4 per cent.) and sodium 
chloride (0.5 per cent.). Sections were then cut on the freezing microtome 
and mounted in Farrant’s solution. Photomicrographs of these were taken 
at a magnification of 80 in order to have a record of the fibre structure of 
the corium of the samples. Sections were also stained for fat, using scarlet 
red in 70 per cent, alcohol. Photomicrogra])hs of the stained sections, 
mounted in Farrant’s solution, were taken at a magnification of 20 in order 
tlnit the distribution of fat in both the grain and corium layers of the skin 
might be shown on the same pliotomicrogra%)h.
The salted samples had become very dry after 8 months’ storage and 
nu(;roscopical examination revealed little detail in the fibre structure. Some 
of the samples were therefore washed in water for a day jirior to fixing in 
formalin for section cutting. After this procedure the sections were slightly 
more opened np but the improvement was not very marked.
(iii) A n a l y t i c a i . A I e t i i g d s .
The wool or hair was closely clipjied from the samples from the right 
sides, and all the samples were dried in a current of air at laboratory tem­
perature until constant in weight, before analysis. The grease was then 
removed from the samples (which were not sub-divided) by two successive 
extractions of 3 hours duration, in a Soxhlet apparatus, with light jietroleum 
(h.p. 40-()0“). The greases removed in the two extractions were weighed 
separately. The degreased samples were hydrolysed by boiling for 8 hours 
with 2jV alcoholic ]iotassium hydroxide solution (5 c.c. per g. skin). The 
alcohol was removed by distillation, and the residue, dissolved in water, 
was acidified with hydrochloric acdd and extracted with ethyl ether, which 
dissolves fa ft,y acids and oxidised fatty acids. After removal of the ether 
by distillation, the residue of fatty acdds was dried at 98°C. till constant in 
weight.
The consistency and colour of each specimen of grease was recorded. 
The free fatty acids, unsaponifiable matter and oxidised fatty acids in the 
combined greases from the two extractions wdfli liglit petroleum were deter­
mined.
\q w ool 
o r  f^ai r
G (2)
PicK led
Fig. 1
Sampling Positions
Sam ples for m icroscopical 
exam ination
Sam ples for 
analysis
Fresh skin 
Limed skin
Immediately after salting or pickling 
Stored for 6  weeks 
Stored for 3 months 
Stored for 8  months 
Sheepskin pickled with deficiency of acid
1 , 1 %, ly , Iz
2 , 2x, 2 y 
3
4, àx, i y
5
6 
7
A
B
C
D
E
F
G
The amounts of phospholipins in the greases was not determined, since 
owing to the small quantities in which they occur (Koppenhoeffer and High­
berger, 1934, Koppenhoeffer, 1936), it appeared that they would be less 
important than the triglyceride or wool greases.
The amoiiiils of grease axailahle for analysis varied fief ween 0.5 and 
5 g. The Ihree analyses were therefore made on one jiortion of grease. The 
free fatty aeid eonlents were determined hy titration in eold alcoliolic solution 
with 0.1 ,V sodium hydroxide solution. .M'ler this titration 50 e.e. of N 
aleoltolie potassium hydroxide per g. fat were added, and the solution relhixed 
for B hours to sa pond'y t he grease.
The oxidised fatty aeids were determined hy the usual method (Procter, 
1010)- The nnsaponitiahle matter was extracted with lights petroleum and 
relhixed again with 2.5 c.c. .V alcoholic potassium hydroxidi' for 4 hours, to 
ensure that no sterol esters remained. The nnsaponitiahle mat,ter was again 
isolated from fciie alkaline solution, dried and weighed. The loss of weight 
on resaponitication was in no case more than 5 per cent, of the original 
weight of unsaponified matter. The fatty acids derived from the greases were 
in some cases isolated from the aqueous layer and their melting points and 
equivalent weights were determined. The amounts of fatty acids obtained 
by hydrolysis of the degreased specimens were too small for further 
examination.
G eneral C ondition of S am p les after S torage.
Table II records the extent to whicdi mould growth occurred on the 
experimental pieces during storage.
TA BLE II
Extent of Mould Growth on Samples during Storage
S H E E P S K I N  P ic k le d
Duration of storage In the wool Dew ooled with di-fii icncy
P ickled Salted Pickled Salted of acid
6  weeks _ 4- _  _ 4-4-
3 months — 4-4- —  — 4- 4-
8  months — 4-4- —  — 4-4-
15 months ... +  + 4-4- 4- 4-4-
26 months ... - 4-4- 4-
G O A TSK IN
Duration of storage In the hair Unhaired
Pickled Salted Pickled Salted
6  weeks + 4-4-
3 months 4-4- -
8  months + 4-4- —
15 months ... + 4-4- —
26 months ... 4-4- 4-4- — -
— No visible mould growth 
+  Slight mould growth 
+  +  Heavy mould growth
Extensive mould growth and red heat was observed on the sheepskin 
salted in the wool after three months’ storage. The goatskin salted in the 
hair also showed mould growth after three months. Only slight mould 
growth was observed on the depilated samples after 15 months’ storage.
After 26 months the salted samples had become very much dried and 
the grain had been ruptured by crystallisation of the salt. Apart from this
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all the samples were sound, although a few colonies of mould were ohservt'd 
on the samples which had been salted in the wool or hair.
In the case of tlie jiickded samples no mould growth was observed on the 
depilated samples even after 26 months’ storage. Mould growth developed 
on the woolskin after 15 months and on the goatskin in the hair after only 
6 weeks.
The goatskin in the hair was still in fairly good condition after 26 
months’ storage, but the skin had become brownish yellow and the hair was 
loose. The sheejiskin in the. wool had deteriorated to a marked extent. It 
was very tender, the wool was loose and the sample had become very much 
blackened. The mould present after 1,5 months’ storage was no longer 
visible.
Since mould growth is generally associated with an increase in pH value 
of the pickled pelt the pH values of the water extract from the degreased 
jiickled pelts were determined (see Table III). The salt contents of the 
samples taken after 8 and 8 months’ storage were also determined (Table IV).
TABLE I I I
pH Values of Aqueous E xtracts from Pickled Samples After Storage for E ight and
Twenty-Six Months
pH value
8 months 26 m onths
Sheepskin in wool (wœl clipped oil' before e.^traction of sample) 4 45 8  0
Dewooled sbeepskin, normal pickle 2  18 2  0
Dewooled sheepskin, pickle deficient in acid 4 30 —
Goatskin in hair (hair clipped off before extraction of sample) 3 20 3 6
Dnhaired goatskin, normal pickle ... 2 33 2 4
TA BLE IV
Average Salt Contents of Samples
(g. NaCl per 100 g. air-dry degreased skin)
In tlie hair Unhaired
P ick led  Salted Pickled Salted
Sheepskin ... ... 24 33 24 47
Goatskin ... ... 14 22 19 48
The sheepskin pickled with deficiency of acid contained 36 g. salt per 100 g. air-
dried degreased skin
The pH values of the aqueous extracts of the sheepskin in the wool and 
to a lesser extent of the goatskin in the hair, after storage for 8 months were 
considerably higher -than was expected. Since the original pickling was 
carried out in liquors of standard composition and in each case to ensure 
thorough treatment the skins were immersed in two pickle liquors, it is 
unlikely that the pelt did not originally take up its full quota of acid. 
Therefore, it seems probable that during storage the acidity of these skins 
diminished, thus leaving an insufficient quantity of acid in the skin to prevent 
the growth of mould.
Samples were again examined after 26 months’ storage. The pH values 
of the skins were determined roughly by means of indicators (see Table III).
In tlio case of ilu' di'woolcd stua'pskiiis Itirrc was no apjiarent loss of acid 
during finilicr sforago, Inil in Ilu- case of llio stu'c|iskin picklcd in I lie wool 
a considerable amount of acid liad been lost. This suggested that, with tlie 
skin in the wool, aeid niiglit have passed from the pelt to the wool. The 
pelt and wool were, therefore, e.xamined liy two nu'thods in order to throw 
more light on this point. The pi I vahu's of the ai]neons ext racts of the pelt 
and wool were determined separately and Trocter-Searle determinations 
carried out in order to eslimate tlie amount of sniphuric acid originally 
presents ])uring storage some of the sulphuric acid in the piell may Inive 
been converted to ammonium sulphate. Procter-Searle determinations will 
return lioth sulphuric acid and ammonium snl|ihate and therefore gives a 
value for the amount of snlphnric acid originally present. These values and 
corresponding figures for a freshly pickled skin are given in Table V.
TA BLE V
Frcslily pickled Pickled for 2 \  ears
Pelt W ool Pelt W ool
pH of aqueous ext ract ... •2 -0 - 2 2  ( 1 2 8  0 0
8  41
7 80
8  0 2
I ’rocter-Scarle value, expressed a.s percen­
tage H„SO,, on the drained weiglit 1 - 0 1-7 2 41 8
1 •<) 
1-3
These results show that the acid is fairly evenly distributed between 
the pelt and wool of the freshly pickled skin and that in the skin pickled 
for 26 months the wool does not contain more artimoninm sulphate (originally 
snl]diuric acid) than does the pelt. A possible ex])lanation might be that 
the interfibrillary proteins which are normally removed during dewooling 
and liming are hydrolysed more readily by the acid than the fibrous %)roteins. 
During acid hydrolysis of proteins the pe]itide links are ruptured, giving rise 
to polypejitides, amino acids and even ammonia. This will resnlt in an 
increase in the number of basic gronjis available for combination with the 
sulphuric acid. After hydrolysis the snijdmric acid will therefore be present 
either as ammonium sulpliate or as sulphates of other nitrogenous bases.
The samples wliich had been stored for 26 months were chrome tanned, 
fat liquored and dried out.
The chrome tanned pickled samples were full and jdiahle, tlie sheepskin 
samples being e.specially full. The samples were not easily torn excejit in 
the case of the sheepskin pickled in the wool.
The chrome tanned salted samples were also not easily torn. The sample 
of sheepskin in the wool was full and pliable, but that of the dewooled skin 
was flat though pliable and was a bad colour, being almost black with salt 
specks on the grain. The sample of goat skin in the liair was full hut rather 
firm, while the unhaired sample was full and fairly pliable, but the grain 
again showed salt specks.
M icroscopical E xam in ation  of S am p les.
(i) S lI K E P S K I N .
(a) Fresh Skin.
lixarninntion of sections cut from five different parts of the fresh sheei)- 
skin si lowed that wJiile the variations in fibre structure in different parts 
of the skin were not very great, towards the flank the angle of weave was 
rather lower and the fibres rather more loosely woven than near the backbone. 
A large number of fat cells were apjiarent. The sebaceous and sudoriferous 
glands were clearly shown, these were not visible after pickling, salting or 
liming.
(/)) In the Wool, Pickled.
The fibre structure of the sheepskin in the wool, immediately after 
pickling, is shown in Fig. 2. The fibres were fuller and more regularly woven 
than in the fresh skin. After storing for three months there was little change 
in the fibre structure. .After 8 months, the fibres were found to be very 
much opened up. This was probably due to the action of the joickle liquor, 
in weakening the reticular tissue round the fibres and fibrils.
The fibre structure of the sample which had been chrome tanned after 
26 months’ storage showed definite damage, though tins is not so pronounced 
as would be expected from the macroscopical appearance of the pickled 
sample. The fibre weave of the corium was disorganised, the fibres appeared 
thin and stuck together and there was a looseness at the junction of the grain 
and corium.
(c) I n  the Wool, Salted.
The fibre structure of the skin after salting was not as clearly defined as 
that of the fresh or pickled skins (Fig. 3). This suggests that salting has 
caused a shrinkage of the fibres.
Comparison of all photomicrographs of salted skins with those of fresh 
or pickled skins showed that sections of the salted skin were often not clearly 
defined, probably due to partial dehydration of the fibres taking place in the 
salted condition. After the samples had been stored for 8 months, although 
they were washed in water prior to fixing in formalin and sectioning, the 
fibres had obviously become much dehydrated. The fibres were glassy in 
appearance with very little fibril structure apparent and were very horizontally 
woven (Fig. 4).
Extensive mould growth and red heat was observed on the specimen 
after 8 months' storage; microscopical examination showed that mould 
hyphre and cocci were penetrating into the corium from the flesh side.
The fibre structure of the chrome tanned sample was definitely poor. 
The fibres were thin, Kttle opened up, and the weave horizontal. There were 
many open spaces and definite indications of damage having occurred.
[d) Deivooled, Pickled.
After pickling the fibre structure was similar to that of the specimen 
pickled in the wool. As Muth the skin pickled in the wool, prolonged storage 
caused an increase in the splitting up of the fibres. The fibre structure 
of a sample which had been stored for 8 months is shown in Fig. 5. The 
translucent appearance of the section is due to a film of fat on the fibres.
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On storagii the eliaiiges in the sample which had been pickled in a liquor 
conlaining a deficiency of acid were similar, generally, to those of tlie well 
pickled sample hut the mould growth which occairred within a few weeks 
caused extensive damage to the (ihre structure. The weave pattern was 
disorganised and loose and the libres very much split uj) and separated.
'Ihe libre structure of the chrome taimed sample was better than of the 
corresponding sample pickled in the wool. The fibres were less disorganised, 
but. the angle of weave was again rather flat and open spaces were visible 
showing that, some degradation had taken place.
((.') DcioooJcd, Salted.
The fibre structure of the freshly salted felhiiongered skin was very 
similar to that of the skin in the wool immediately after salting. During 
storage the salted felhiiongered skin became so dehydrated that many of 
the fibres became glassy in appearance.
The fibre structure of the chrome tanned sample was similar to that 
of the sheepskin salted in the wool.
( i i )  G o a t s k i n .
(a) Fresh Skin.
I'ixaniination of samjiles cut from different positions in the goatskin 
showed that in the dank the angle of weave tended to be lower and the fibres 
rattier thinner and more loosely woven than towards the backbone. As in 
the sheepskin, these differences were not very marked.
{h) In the Hair,  Pickled.
kick ling the goatskin in the hair caused a very marked increase in the 
fullness of the fibres. The weave pattern of this sanpile was very regular.
During storage the fibres became progressively thinner and rattier more 
opened up, while the weave pattern became rather less regular and the angle 
of weave lower. Aft,er chrome tanning the fibre structure was compara­
tively good considering tlie macroscopical appearance of the pelt, the fibres 
were full and much opened up, but the fibre weave was rather irregular 
with open spaces.
(c) I n  the Hair,  Salted. ’ 1
Salting the goatskin in the hair caused a very marked shrinkage in
the fibres. During storage the skin became so dry that the fibres had a 
glued ajgiearance at the end of 8 months.
Although the sample had become so dry extensive mould growth was 
found on the skin after 3 months’ storage.
Tlie fibre structure of the chrome tanned sample was poor, the fibres 
were unevenly opened np and there was a generally stringy appearance 
suggesting breakdown of the collagen fibres,
(d) Unhaired.
The fibre structure of the skin after liming was much more opened up 
and the fibres fuller than in the fresh skin.
(e) Unhaired, Pickled.
Pickling caused the fibres to become rather fuller and slightly more 
split up than in the limed skin, the fibres were very full, well opened up 
and of a high angle of weave for a goatskin (Fig. 6). After storage for
1 2
3 months the fibres became more o j^ened up and after storage for 8 months 
the fibres were very much ojiened up, with some separation of the fibrils
The fibre structure of the chrome tanned sample was similar to that of 
the goatskin pickled in the hair.
(/) Unhaired, Salted.
The fibre structure of the fellmongered and salted goatskin (Fig. 8) was 
very much opened up, loosely woven and of a high angle of weave for a 
goatskin, and presented a marked contrast to that of the goatskin which 
had been salted in the hair. On storage, however, the skin lost moisture 
and the fibres gradually shrunk until after storage for 8 months, as shown 
in Fig. 9, the fibres were very translucent and layered in appearance, and 
similar to those of the goatskin salted in the hair.
The fibre structure of the chrome tanned sample was similar to that 
of the corresponding sample salted in the hair.
T he D istr ib u tion  of th e  G rease in  th e  S h eep sk in  and V ariations therein  
D uring Storage.
(i)  R e s u l t s  o f  M ic r o s c o p ic a l  E x a m in a t io n .
(a) Fresh Skin.
In the sections stained for fat, fat cells could be seen scattered through 
the corium and in greater number just below the grain. Deposits of fat 
were also visible just inside the flesh layer. The fibres of the grain had also 
taken the fat stain and, as would be expected, the sebaceous glands were 
deeply stained. The amount of fat in the skin varied; fat occurred in the 
greatest amount in the kidney area and decreased in amount both in the 
direction of the shoulder and of the flank. The fat in the fresh skin was 
largely in globular form. It was probably contained in unbroken fat cells. 
Fig. 10 shows a typical section of a fresh sheepskin stained for fat.
(b) Skin in Wool, Pickled.
Immediately after pickling the fat globules were rather less regular in 
shape than in the fresh skin. The fat was chiefly within the cells and the 
distribution of the deposits of fat was similar to that in the fresh skin. After 
storage of the specimen for 6 weeks in the pickled condition, the grease 
was beginning to migrate from the fat cells.
After 8 months’ storage the stained sections were very similar in 
appearance to those taken from the skin after 6 weeks’ storage. After storage 
for 8 months nearly all the fat had migrated from the cells and the fibres 
themselves had become stained a light red, indicating that the fat had spread 
over the fibrils.
(c) Skin in Wool, Salted.
Fat was obvious throughout the skin, but was particularly large in 
amount at the junction of the grain and corium and between the layers of 
fibres near the flesh. The fat in the corium appeared under the microscope 
as small red s])heres and therefore may be considered to be enclosed in the 
fat cells.
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During storage, drying of the samples eon tinned and imudi of the grease 
was forced out of the skin. Only a portion of tlie fat was in globular form 
after storage for 8 months. .After H months' storage, examination of the 
stained section showed that the fat was no longer of globular sha])e, but 
had probably been pressed out of I lie fat cells and was redistributed between 
and on the fibres throughout the eorium (see big. 11). Some fat had been 
pressed out of the skin on to the wool.
{(i) Dewooled Skin.
The distribution of the fat in the limed sheepskin was similar to that in 
the fresh skin. Most of the fat was still within the cells, but the cells were 
slightly less sjdiericail than in the fresh sheepskin.
(a) Dewooled Skin, Pickled.
The distribution of the fat in the freshly pickled dewooled sheepskin 
was similar to that in the limed samples and also to that in tlie specimens 
immediately after pickling in the wool. After storage for six weeks, however, 
the fat was obviously coming out of the cells. This can be seen in Fig. 12. 
Not only were the fat globules no longer spherical, but the fibres had a more 
translucent appearance as if lightly coated with grease. Prolonging the 
time of storage caused further migration of the fat, until after 8 montlis 
all the fibres were lightly coated with grease while irregular deposits of fat 
were observed scattered through the corium.
In the sheepskin pickled with a deficiency of acid the movement of the 
grease from the cells was rather slower than from the cells in the well pickled 
samples. After 8 months’ storage, however, most of the grease had migrated 
from the cells.
(/) Dewooled Skin, Salted.
After storage of the dewooled sheepskin in the salted condition for 
8 months, the fat was chiefly located in the middle of the skin, but liad lost 
its globular form and was largely spread over and between the fibres.
(ii) . R E S U L T S  O F C'U EM IO .A L J ' lx . A M I N A T I O X .
Tables VIa and Via give the yiroportions of grease extracted from the 
sheepskin by the methods described. The grease contents recorded are cal­
culated on the weight of air-dried salt-free skin. The variations in total 
grease content of the samjiles are due to local variations in the skin. Trorn 
the standpoint of the j)resent investigation, these variations are of less 
significance than the variations found in the projiortions of the total grease 
contents which were removed in the first extraction with light i^etroleum. 
In the fresh skin, between 50 and fit) per cent, of the grease was removed 
in the first extraction. This jiroportion was increased to apjiroximately 
90 per cent, by pickling, and after storage in the pickled condition for six 
weeks rose to 97 per cent, and remained constant at 98 per cent, during 
further storage. These variations must be due to some changes in the fat cells 
and are probably due to rupture of the reticular walls of the cells, since the
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TABLE Y la  
Grease Contents of Sheepskin—Side in Wool
PIC K LE D  Q UAR TER
-g. per 100 g. air-dried, salt free skin------
from 1st 
extraction  
with liglit 
petroleum
Grease F a tty  acids  
from 2nd from  
extraction hydrolysis  
with light of degreased  
petroleum  skin
Percentage  
of total 
Total grease
grease rem oved in
1st extraction
Before treatment (fresh skin) 18 5 in n 5 6 34 1 54 2
Immediately after treatment... 36 1 4 3 n o 4 1 3 87 4
Stored for 6 weeks ... 42 7 0 1 1 4 44 2 96 6
Stored for 3 mouths... 28 9 0 2 1 2 30 3 95-4
Stored for 8 months... 96 3 0 1 0 7 37 1 97-8
38 6 0 3 0 7 39 6 97 5
SA LTE D  Q UAR TER
Grease 
from 1st 
extraction  
with light 
petroleum
from 2nd 
extraction  
with light 
petroleum
F atty  acids
h yd ro ljsis  
of degreased  
skin
Total
grease
Percentage  
of total 
grease 
rem oved in 
1st extraction
Before treatment (fresh skin) 14 5 5 6 4 9 25 0 58 0
Immediately after treatment... 14 9 7 3 4 4 26 6 56 0
Stored for 3 months... 13 6 14 0 8 8 36 4 37 4
Stored for 8 months... 10 0 1 6 2-4 14 0 714
29 3 1 2 2 1 32 6 90 0
niit*roseo])ical examination sliowed tlnit during storage in the pickled 
condition the amount of grease which had migrated from the fat cells 
increased. Jordan Lloyd and Marriott (1935) found that reticular tissue is 
weakened in solutions of hydrochloric acid at pH values helow 2. The pickle 
liquors used in the present investigation had pH values below 1.0 and would 
therefore result in weakening of the walls of the fat cells, lout since the 
samples w^re removed from the liquors after 24 hours and had, after storage,
TABLE Ylb  
Grease Contents of Sheepskin—Dewooled Side
PIC K LE D  Q U A R TE R
 g. per 100 g. air-dried, sa lt free skin------
Grease Grease F a tty  acids 
from 1st from 2nd from  
extraction  extraction  hydrolysis Total
with light with light of degreased grease
petroleum  petroleum  skin
Percentage  
of total 
grease 
rem oved in 
1st extraction
Before treatment (delimed skin) 28 4 9-7 4 1 42 2 67 3
Immediately after treatment... 38 3 0 1 0 8 39 2 97 7
Stored for 6 weeks ... 50 5 0 1 2 2 52 8 95 7
Stored for 3 months... 40 2 0 4 ■ 0 7 4 1 3 97 4
Stored for 8 months... 16 0 0 3 0 8 17 1 93 6
16 5 —  . 1 1 17 6 93 7.
45 7 0 1 0 5 46 3 98 7
S A LTE D  Q UA R TE R
-g . per 100 g. air-dried, salt free sk in-
Grease Grease F a tty  acids 
from 1st from  2nd from  
extraction extraction hydrolysis 
with l ig h t , with light of degreased  
petroleum  petroleum  skin
Total
grease
P ercen tage. 
of total 
grease 
rem oved in 
1st extraction
Immediately after treatment... 
Stored for 3 months...
Stored for 8 months...
4 3 0 0 9 1 1 45 0 95 6
32 2 0 4 1 9 34 5 93 3
33 6 0 5 1 9 36 0 93 3
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pli values of water exiracts vai'ving from 2.2 to 4.1, tlie, weakening of the 
walls would prohably be slow, resulting in a gradual increase, during storage, 
in tlie number of cells of which the walls had been broken. It appears that 
extraction of the grease by light petroleum from unbroken fat cells is com­
paratively slow and that the rupture of the walls of the cells causes an imme­
diate increase in the rate at which the grease, can be extracted. The rupture 
of the cell walls is followed by a migration of the grease from the cells, but 
this change is not observed immedi.ately after the cell walls liave broken, 
because the movement of the grease out of the cells is not a rapid process.
The analyses of the sjiecimens of slteepskin salted in the wool show that 
salting caused no immediate change in the rate at wliich the grease was 
extracted. After storage for 8 months there was evidence that the grease 
was more readily extracted. This change, which was less marked than that 
which occurred in the pickled quarter, was probably due to mechanical break­
age of the cell walls by the drying of the specimens which occurred during 
storage, and the prolonged storage of the specimens in the dried condition 
(comjiare Highberger and Moore, 1934, and O'Flaherty and Roddy, 1935). 
As shown by the microscopical examination this change was accompanied by 
extrusion of the fat from tlie cells. Since in the specimens of fresh skin 
only ajiproximately 50 per cent, of the grease was readily extractahle, the 
drying of the specimens before analysis had a less marked effect on the rate 
of extraction of the grease than that which occurred during storage, presum­
ably because the fresh specimens were extracted immediately after drying, 
without intermediate storage.
Fellmongering followed by liming caused a slight increase in the rate of 
extraction of the grease. The skins were limed without the addition of sodium 
sulphide and it ajijiears that the duration of contact with tlie fellmonger's 
paint was not sufficient to cause extensive breakdown! of the walls of the 
fat cells. It had, however, some action on the walls, since immediately after 
pickling the rate of extraction of the fat had almost reached its maximum 
(98 per cent, of the fat removed on the first extraction). Fellmongering and 
liming followed by pickling, therefore, caused a more rapid breakdown of the 
reticular walls of the fat cells than did either of these two processes alone. 
A similar effect was shown by the combination of fellmongering and liming 
with salting, probably because the preliminary w^eakening of the cell walls 
by the alkaline treatment caused them to be more readily broken by the 
mechanical disturbance of dehydration during and after salting. The micro­
scopical examination of the limed skin confirmed these conclusions, since in 
both pickled and salted sjiecimens the grease was displaced from the fat cells 
during storage.
The figures given in Tables VTa and V Ib suggest that even after treat­
ment which causes complete liberation of the fat from the fat cells, a pro­
portion of grease, varying between 0.5 and 1.0 g. per 100 g. of air-dried skin, 
could not be extracted from the skin by light petroleum. This grease pro­
bably corresponds to the grease wdiich according to other investigators is 
combined with the protein. On account of the presence of this fairly constant 
amount.of unextractable grease in the skin, the proportion of the total grease
2 0
content which wiis removed in the first extraction varied, not only according 
to the treatment of the skin, hut also directly with the total grease content 
of the specimen. This is shown, for examjole, by the analyses of three 
specimens of the dewooled pickled quarter after 8 months’ storage. From 
file two specimens which contained approximately 17 per cent, of grease, 
08 per cent, of the grease was removed in the first extraction, while 99 per 
cent, was removed from the specimen which contained 46 per cent, of grease.
In the case of the dewooled samjde which was pickled with a deficiency 
of acid, grease determinations were made on two samples after storage for 
eight months. The grease contents found were 52.5 and 48.5 per cent, of the 
air dried skin weight, of which 98 and 99 per cent, respectively were removed 
in the first extraction. In this case the rupture of the cell walls may have 
heen due not only to the combined action of fellmongering, liming and 
pickling, hut also to the damage to the fibre structure caused by mould 
growth. Moulds are known to attack the proteins of skins, but it is not 
known whetlier both collagen and reticulin, or collagen alone, are attacked. 
As described above, microscopical examination indicated that the weakening 
of the walls of the fat cells was slower in the dewooled skin pickled with a 
deficiency of acid than in that pickled in the best conditions. This may be 
because it contained a smaller proportion of acid, which would have a slower 
action on the reticular tissue. After 8 months’ storage, however, both micro­
scopical and analytical examination showed that the weakening of the cell 
walls had become as far advanced as that in the well pickled specimen.
T he D istr ib u tion  of th e  G rease in  th e  G oatskin , and changes therein  
during Storage.
(i) R e s u l t s  o f  M ic r o s c o p ic a l  E x a m in a t io n .
Unlike sheepskin, goatskin has no heavy deposit of fat in the middle 
layer of the skin. The total amount of fat is generally much lower than in 
shee])skin and the fat is situated chiefly in the grain and in the flesh layers. 
The distribution of the grease in a section taken from the middle area of the 
goatskin can be seen in Fig. 13, where it will be noticed that the grease is 
chiefly distributed over certain regions in the grain and flesh. A compara­
tively small number of irregularly shajied deposits of grease were visible in 
the coriurn. The distribution of the grease showed no change after liming,
pickling or salting and did not appear to alter during storage of the samples.
TABLE V ila  
Grease Contents of Goatskin—Side in H air
PIC K LE D  Q UA R TE R
 g. per 100 g. air-dried, salt free skin------
Grease Grease F a tty  acids Percentage
from 1st from 2nd from of total
extraction  extraction hydrolysis Total grease
with light with light of degreased grease rem oved in
petroleum  petroleum  skin 1st extraction
Before treatm ent (fresh skin) 3-2 0 4 — 4 3 74 4
Immediately after treatm ent... 3 4 0 - 1 1 0 4 6 76 6
Stored for G weeks ... 5 4 0 - 1 0  6 6  1 8 8  6
Stored for 8  months... ... - 8  4 0 1 1 0 9 5 8 8  4
Stored for 8  months... 19-8 0  8 0  6 2 0  6 96 1
2 1
SA LTE D  UUANTKK
— — n .  p e r  KID (s', a i r - t lr i i 'd .  s a i l  Iroe s k in -------
( Î I'a lly  ai ids 16 rcentage
Il urn 1st Iroiu 2nd from of total
c.xiiai tiiiu irxlraclinu liyd io lysis Total grease
witfi liglil willi ligiil i)i degreased grease removed in
pclnilcum (ictrnlcum sfoti 1st extraction
U el'u re i r e i i l m i ’iit (ITp s Ii s k in ) 12 6 6  6 1 1 1 1 1 8 8  7
lm m (? d ii i le lv  a lT ei' t r r i i l m t m l . . . 6 - 2 6  7 1 1 H -6 7 7  5
S t o r e d  fo r  3  n i o n l l i s . . . 2  6 6  2 1 -3 3 - 6 6 7  • 1
S to r e d  fo i S  in o n i l i .s . . . 1 - 9 6  2 1 3 3 - 1 6 5 - 9
( i i )  H k s u i .t s  o k  ( ' i i I'Im i o a i , I-Ix a m i x a t i o n .
Tables V I I a  and 11 ii give (be i i r o p o T l i o n s  of grease exLraeied from (be, 
goatskin by (be met bods described.
Tbe grease contents of tbe samples lidam from tbe goatskin were in 
general lower (ban tbose of tbe sbeepskin. Tbe proportions of (be total
TABLE V llb  
Grease Contents of Goatskin—Unhaired Side
IMCKI.EU Q UA R TE R
 g, piT 1(1(1 g. air-dried, salt free skin­
crea se  Grease E atly acids  
from 1st from 2nd from 
extraction extraction hydrolysis
with light with light of degreased  
petroleum  petroleum  skin
Total
grease
Percentage 
of total 
grease 
rem oved in 
1st extraction
Before tretUment (detimed skin) 2  8 6  4 1 8 5 6 56 6
Immediafely after treatm ent... 4 1 6  1 6  5 4 7 87 2
Htorcd for 6  weeks ... 3 3 6  1 1 3 4 7 76 2
Stored for 3 months... 5 8 tl 1 6 - 6 6  5 8 9 2
Stored for 8  montiis... 2  7 nil 6  6 3  3 8 1 8
SA L T E D  Q UA R TE R
— —g. per 10(1 g. air dried, salt free skin------
Grease Grease F atty  acids Percentage
from 1st from 2nd from of total
extraction extraction hydrolysis T otal grease
with light with light of degreased grease rem oved in
petroleum  petroleum  skin 1st extraction
] iiimi'(lia,tely after treatm ent... 1-9 0-2 1-3 3 4 55-9
Stored for 3 mont lis,,. ... 1 6  6  1 1 ‘7 3 4 47 1
Stored for 8  montiis... ... 1 6  6  3 2-0 3 9 41 6
grease wbicb were removed in (be first ex(riic(ions with light jietroleum do 
not show any regular variation according to (he treatment of the sample or 
the time of storage, but appear to he directly related only to the total grease 
content of the sample. This agrees with the results of the microscopical 
examination, whicli showed that much of the grease in the goatskin was 
not contained in regularly shaped fat cells.
The goatskin contained between 0.5 and 1.8 per cent, of grease which was 
not removed by extraction with light jietroleum. This is a slightly higher 
range than that found in the sheepskin, whereas the total grease contents 
of the goatskin were lower than those of the sheepskin. The proportion of 
the grease in the goatskin which is readily extractable is therefore lower than 
ihat found in the sample of sheepskin after ru]>ture of the cell walls. In the 
goatskin, tliis proportion approached 90 per cent, only in the specimens
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will i  the liigliest grease contents ,  and exceeded 90 per cent,  only in one case,  
viz. in the specinien with the highest  grease content .
T he C om position  of th e  G rease in th e  S am p les, and V ariations therein
D uring Storage.
(i) (iuEAHEs E xtracted from S h eep ski n .
Table VIII records tbe free fatty acid, unsaponifiahle matter and oxidised 
fatty acid ctaitents of the greases extracted from the sheepskin, expressed 
as a percentage of the total amount of grease removed in the two extractions 
with light petroleum. All the greases were soft solids varying from white to 
pale brown in colour, the darkest in colour being those extracted from the 
side pickled in the wool.
(a) Free. Fat ty Acid Contents.
The increases in free fatty acid contents recorded in Table VIII are not 
due to the oxidation of the grease (see (c) below). They must therefore be
due to hydrolysis of the grease {cf. Balte, 1936).
During drying of the samples of fresh skin for analysis, putrefaction took 
place and the high proportions of free fatty acid found in these greases were 
probably formed by hydrolysis of the greases by the putrefactive micro­
organisms. During storage, the free fatty acid content of the grease increased 
most rapidly in the specimen salted in the wool, on which mould growth was 
observed within eight months. The free fatty acid content also reached a 
high value after fifteen months in the grease in the quarter pickled in the 
wool, on which extensive mould growth took place. This suggests that the 
hydrolysis of grease in sheepskins during storage is caused by mould, a sug­
gestion which is supported by the observation that the growth of mould in 
leather results in hydrolysis of the grease in the leather (Balfe, 1936).
This suggestion is confirmed by the fact that after 8 months’ storage 
the grease in the dewooled specimen which was pickled with a deficiency of 
acid, and on which mould developed, contained 77.1 per cent, of free fatty 
acid.
{b) Proportions of Unsaponifiahle Matter.
The occurrence of unsaponifiahle matter in the grease is taken as evidence 
of the presence of grease of the wool grease type, since after saponification 
the sterols contained in this type of grease can be extracted with light petro­
leum and are, therefore, returned as unsaponifiahle matter by the customary 
methods of analysis. Whereas the total extractable grease in the skin v^ aried 
between 10 and 48 per cent., the amount of unsaponifiahle matter in the 
skin only varied between 0.5 and 1.8 per cent., which corresponds to between 
1.3 and 4.5 per cent, of wool grease, assuming that wool grease contains 40 
per cent, of unsaponifiahle matter (Bless, 1936.) This shows that the large 
variations in the amount of grease in the skin were due to variations in the 
amount of triglyceride grease, while the amounts of wool grease in the clipped 
or dewooled skin varied within much closer limits. The amounts of un- 
saponifiable matter in the extractable grease therefore tended to vary in­
versely with the amounts of extractable grease in the skin.
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TABLE V III
Analyses of Greases from Sheepskin
SID E  IN WOOL
I'irkird quarter Salted quarter
% % %
I'Tee Unsaiioiii- Oxidised 1' ree Unsaponi-
liable
Oxidised
tatty fialite la tty tatty tatly
a rids ac ids matter aeids
P ol'oro t rea t m e n t  ( fr e s h  .sk in ) 1 3 - t 2 1 2 9  7 5 - 9 2 - 6
i i i i i u o d i a l c l v  a It nr 1 rea 1 i i i e i i l . . . 2  3 2 8 1 2 5 3 6-1) 5 - 6
Stdi'i'i! fo r  Ii w e e k s  . . . 2  • 3 — - — — —
S to r e d fo r  3  m o n t h s . . . 5 3 3 8 111-9 — - -
S to r e d fo r  S m o n t h s . . . 4  • 2 2  4 1 - 4 3 9 - 9  
31 -8  
4 5 - 1
1 2 - 5
3 - 8
5 - 8
S to r e d fo r  15 m o n th s 511-1) 5 7 — —
DEW O O I.ED SID E
Pirkled quarter 8aIll'll quarter
% % % % ,
O xidised1' roe Uiisanoni- O xidised E ree Unsapom -
fiablefatty (table tatty
acids
tatty tatty
ad d s matter acids m atter a d d s
Before treatment, (ileiimed skin) I ) - 5 I T 1 5 —. — .—
Iminediatelv aider treatm ent... 2 6 3 3 2 8 1 - 5 1 - 7 1 - 5
Stored for Ii weeks ... 4 2 0 - 9 1 5 — — .—
Stored for 3 months... 4 - 1 2  2 — 2 - 8 —
Stored for 8  m onths... — 11) 8 6 6 2 - 2 2 - 2 1 - 1
3 - 9 1 6 — 3 - 8 — --
Stored for 15 months 4  9 — 3  3 — — ----
(c) Proportions of Oxidised Fat ty Acids.
In skin greases, which iiave iodine values between 35 and 50, it is im­
probable that any significant oxidation of the grease can take place, on 
account of the comparatively small proportion of unsaturated fatty acids in 
(he greases. In accordance with this conclusion there is little evidence in 
Table V in  tliat the proportions of oxidised fatty acids in the sheepskin 
greases increase during storage. The oxidised fatty acid contents of the 
greases, however, vary in the same way as the contents of unsaponifiable 
matter. Tliis suggests that some of the fatty acids of the sterol ester greases 
are returned as oxidised fatty acids by the analytical methods employed.
(d) Melt ing Points and Equivalent Weights of the Fat ty Acids.
The melting points of the fatty acids from the sheepskin greases ranged 
between 34°C. and 42°C. and their equivalent weights between 270 and 290.
( i i)  G r e a s e s  E x t r a c t e d  fr o m  G o a t s k i n .
Table IX records the analyses of tlie greases extracted from the goatskin. 
All the greases were soft solids, varying in colour from white to pale brown.
(a) Free Fat ty Acid Contents.
As in the case of the sheepskin greases, the increases in free fatty acid 
contents recorded in Table IX are probably due to hydrolysis rather than 
oxidation. The free fatty acid contents of the greases extracted from the 
goatskin were in general higher than those of the sheepskin greases both in 
the fresh and in the stored specimens. This suggests that the grease in fresh 
goatskins normally contains somewhat higher proportions of free fatty acid 
than the grease in fresh sheepskins. This may be due to the higher propor-
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tioii, ill goiitskin grease,  of grease derived from the sebaceous glands,  since  
there is some e\  idenee tliat this tvpe of grease may contain more free fat ty  
acids than that derived from dcjiosits of fat.
In the goatskin pickled in the liair and in lioth the unhaired specimens  
of goatskin,  the free fatty acid content  of the grease increased,  during the
TABLE IX 
Analyses of Greases from Goatskin
SID E  1[N H AIR
Pickled quarter Salted quarter
% % % %
U n saponi­ O xidised Unsaponi- O xidised
faUy fiable fatty fatty fiable fatty
acids a d d s m atter acids
Before treatm ent (fresh skin) 1 4  3 25 6 0 3 5 3 5 4 1-9
Immediately after treatm ent... I t  1 2 1 - 8 2 7 8 1 12 6 1 7
Stored for 6 weeks ... 1 2 - 2 20 0 6  3 — — —
Stored for 3 months... 20 6 7 8 — 2 1 - 1 — —
Stored for 8  months... 26 2 3-4 2 9 %U8
3 1 0
83 9 5 4
Stored for 15 months 10 7 — 7 4 — — —
U N H A IR E D  SID E
Pickled quarter Salted quarter
% % % % % %
Free U nsaponi­ Oxidised Free Unsaponi- O xidised
fatty fiable fatty faUy fiable fatty
m atter
Before treatm ent (limed skin) 1 1 6 6 7 6  2 _
Immediately after treatm ent... 16 7 14 2 3 8 18 7 26 9 —
Stored for 6 weeks ... 17 4 42 1 — — — —
Stored for 3 months... 315 5 9 — 29 9 — —
Stored for 8  months... 2 1 8 16 7 6 0 20 9
16 0
17 1 6 0
Stored for 15 months 7 3 6 3
first 8 months’ storage, more rapidly than that of the greases in the corre­
sponding sheepskins. This is in part due to the fact that the goatskin con­
tained less grease than the sheepskin, so that the formation of the same 
amount of free fatty acid in both would result in a higher free fatty acid 
content in the goatskin grease. In the quarter pickled in the hair (which 
had a pH of water extract of 3.2), and the unhaired salted quarter, the hydro­
lysis of the grease may have been due to a slow development of mould. In 
the unhaired pickled quarter, which had a pH of water extract of 2.3, the 
cause of the slow hydrolysis is obscure; it may be due to a slight develop­
ment of mould inside the skin, which was not observed on the surfaces, 
since the salt content and acidity of the sample (see Tables III and IV) were 
below the limits given for sheepskin by Pleass (1934).
The greatest increase in free fatty acid content took place in the grease 
in the goatskin salted in the hair, on which, as on the corresponding sheep­
skin, extensive mould growth took place. The hydrolysis of the grease may 
therefore in this case be attributed to the action of the mould.
It therefore appears probable that high free fatty acid contents in the 
grease in goatskins are usually due to the development of moulds in the skin.
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TABLE X
Relation Between the Grease Contents of the Goatskin and the 
Proportions of Unsaponifiable M atter in the Greases
"u (iica sc  n'lnnvcd in 1st 
nxtrarlioii witli ix'trolcimi In Kroasc
7, Uiis,-i|iimifi;il)lc m iiltcr
19 8 3  1 6 - 7
1 2 5 5 1 0 - 7
8 - 1 7 - 8 6 - 6
6  2 12 5 6 - 8
5 - 8 5 9 6 - 1
5 1 2 0  • 6 1-1
4 1 1 1 - 2 6 - 6
3  1 21 8 6 - 7
3  2 2 5  • 6 6 - 8
2 - 8 6 - 7 6 - 2
2  7 16 7 6 - 5
1 - 9 3 3  ■ 9 6 - 7
1 9 2 6 - 9 0 - 5
1 6 17- 1 6 - 2
( / ) )  P r o p o r t i o n s  o f  I J n s a p o n i f i n h t e  M a t t e r .
The variiilions in anioimts of iiiis:i|)()iii(ial)le nialte.r in tlie greases from 
ilie goatskin are probably due to loe.al varialions. Table X shows that the 
amounts of unsaponifiable matter in the skin vary between 0.2 and 1.4 per 
cent., corresponding to between 0.5 and 3.5 per cent, of wool grease, whereas 
the total amount of extractable grease in the skin varies between 1.0 and 
19.8 per cent. The goatskin, therefore, resembles the sheepskin, in that its 
content of wool grease varies much less than its content of triglycerides, 
and the amount of unsaponifiable matter in the grease varies, generally, 
inversely with the amount of extractable grease in the skin. Since the 
amount of wool grease in the goatskin is of the same order as in the sheep­
skin, while the amount- of triglyceride grease is in most cases considerably 
less in the goatskin, the goatskin greases contain, as a rule, higher propor­
tions of unsaponifiable matter than the sheepskin greases.
(c) Proportions of Oxidised Fat ty Acids.
As in the case of shec]iskin greases, the iodine values of greases from 
goatskins indicate that the greases have undergone little oxidation on exposure 
to air. Tlie figures given in I’abh' IX are in agreement with this bnt are not 
sufficiently conijilete to show if there is a correlation between contents of 
oxidised fatty acids and unsafionifiable matter such as was found in the 
sheepskin greases (Table VI11).
(d) Melt ing Points and- Equivalent Weights of Fat ty Acids.
The melting points of the fatty acids from the goatskin greases varied 
between 35°C. and 42°C. and their equivalent weights between 260 and 290.
The authors wish to thank the Council of the British Leather Manufac­
turers’ Research Association for permission to publish this paper.
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S um m ary.
1. Samples of sheep- and goatskins, both depilated and in the wool or 
hair have been stored in the pickled and salted condition for periods up to 
26 months. The general condition and the fibre structure were examined 
at various intervals during storage. The grease content of the samples was 
also estimated and the triglycerides, free fatty acids, oxidised fatty acids 
and unsaponifiable matter in the grease estimated.
2. ]\Iould growth was observed on all except the fellmongered and iiickled 
samples after 15 months’ storage. All samples deteriorated to some extent 
after prolonged storage, especially the sheepskin pickled in tbe wool. The 
pH value of aqueous extract of this sample had risen from 2.0 to 8.0 during 
26 months’ storage.
3. During storage in the pickled condition an increase in the opening 
up of fibres took place due to weakening of the reticular tissue round the 
fibres and fibrils. During storage in the salted condition, the fibres became 
shrunken, owing to dehydration of the skins.
4. In sections of sheepskin stained for fat a large number of fat cells 
could be seen scattered through the corium and in greater numbers just below 
the grain. In the goatskin there was much less grease; this was chiefly 
present in the grain.
5. Pickling and liming, processes which tend to weaken the reticular 
tissue surrounding the fat cells, caused a gradual migration of the grease 
to take place from the fat cells in the sheepskin during storage and increased 
the readiness with which the grease could be extracted by light petroleum. 
In dewooled pickled sheepskins the movement of grease out of the cells 
could he observed after 6 weeks’ storage.
Salting, when preceded by fellmongering and liming, had a similar eSect, 
probably because the preliminary weakening of the cell walls hy the alkaline 
treatment caused them to be more readily broken by the mechanical dis­
turbance of dehydration during and after the salting.
2 T
Tlie ilislriluit ion and ease of exfraetion of the grease in goatskins was 
not affected by jtickling or liming.
6. The free fatty acid content of the grease inc,reused during storage.
This inci'ease was most marked in those samples on which extensive mould 
growth had been observed. It is suggested that hydrolysis of tbe grease is 
due to mould.
7. Tlie amount of uusaponiffable matter in the extractable grease did
not vary greatly. Variations in the amount of grease in the skin were,
therefore, mainly due to variations in the amount of triglyceride grease.
8. ffffiere is little evidence that the projiortion of oxidised fatty acids in 
the grease increases during storage.
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THE USE OF SALTS IN THE , FINISHING OF SOLE BENDS. 
Part I.— The Precipitation of Tannins by Salts. 
B y J. H . B ow es.
The modem methods of tanning sole bends in which strong liquors of 
150°Bk. or more are used at the end of the tanning process, cause the goods 
leaving the last liquors to contain a large amount of uncombined material in 
the interfibrillary spaces. This material tends to creep to the surface dirrmg 
drying causing the leather to dry out a poor colour and to have a cracky grain. 
Treatment with magnesium sulphate, either alone or with cane sugar or glucose, 
however, has been foimd to prevent the occmTence of these defects to a great 
extent. The wet leather is either ch'uimned with a mixture of magnesium 
sulphate crystals, and cane sugar or glucose, or immersed for 10 to 30 min. in a 
saturated solution of magnesium sulphate to which cane sugar or glucose has 
been added.
One of the most probable functions of the magnesium sulphate is precipi­
tation of the uncombmed tamiing material present in the interfibrillary spaces 
of the leather, thus preventmg the creepmg to the smfface durmg drying, 
cf. Meunier and RousseP. The presence of magnesium sulphate m the leather 
will also lower the vapour pressure of the water in the leather, and so affect the 
rate of drying, and the water absorbing properties of the leather.
The function of the cane sugar and glucose generally used in conjunction 
with magnesium sulphate is less clear. They too will have an effect on the 
vapour pressure of the water in the leather, and so help to regulate the loss of 
water during drying, and to increase the water absorptive capacity of the 
finished leather. It has also been suggested that they prevent the formation of 
salt spue due to the presence of magnesium sulphate.
This work was originally started in order to fmd a substitute for magnesium 
sulphate and sugar in the treatment of sole bends, but it has been extended to 
cover some of the theoretical considerations involved in the precipitation of 
taimins by salts, and the effect of sugars and other organic compounds on this 
precipitation. The effect of these materials on the formation of salt spue 
(Part II) and the effect of treatment with magnesium sulphate and sugars on 
the loss of water during drying, and on the uptake of water by leather at 
different humidities has also been studied (Part III).
I. The Precipitation of T anning E xtracts by Salt Solutions.
E x p é r i m e n t a l  M e t h o d .
5° and 100°Bk liquors of the following tanning materials were prepared, 
chestnut, valonia, myrabolam, mimosa, gambier, quebracho, mangrove and 
eucalyptus*, and a 2.5% solution of tannic acid (80°Bk).
Since the pH value of the solution may influence precipitation by the salt 
solutions, it was decided that all experiments should be carried out at the same
* E x tra cts  o f  th ese  m ateria ls w ere k in d ly  supplied  b y  
Messrs. R ichard H odgson  & Sons, L im ited.
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pH value, and 3.5 was chosen as a suitable value as it lies in the range met with in 
practice when leathers are treated with magnesimn sulphate.
The pH was adjusted with hydrochloric acid or sodium hydroxide, and the 
liquors allowed to stand for a week prior to use. Molar and saturated solutions 
of a number of salts were also adjusted to pH 3.5 using the appropriate acid or 
alkali.
50 cc. of tan liquor were added to 25 cc. of the molar or saturated salt 
solutions in tall tubes 3.5 cm. in diameter, and the precipitate allowed to 
settle for 2 days. With the tannic acid solution it was necessary to add 50 cc. 
of the salt solution in order to produce a readily measurable amount of precipi­
tate. A control experiment consisting of 50 cc. of tan solution and 25 cc. of 
water was included for each tanning material.
The nature and amount of the precipitate was observed and the organic 
matter in the supernatant liquor determined by the Loewenthal permanganate 
titration method^, and from a similar titration on the original hquor the amount 
of organic matter precipitated was calculated. It was not possible to use the 
Official Method to determine the total solids owing to the retention of a variable 
amount of moistm-e by the comparatively large amount of magnesium sulphate 
and other salts present. In preliminary experiments the relative amount of 
tans and organic non-tans precipitated was determined by carrying out the 
Loewenthal titration before and after detanning with hide powder. 
E x p e r i m e n t a l  R e s u l t s .
In preliminary experiments the precipitates formed on the addition of an 
equal volume of saturated magnesium sulphate solution to 100°Bk liquors of 
certain of the tamiing materials were considered. The amount and nature of 
the precipitate formed varied with the tanning material. It was obvious that 
in some cases a considerable amount of magnesium sulphate was carried down 
with the precipitate ; this was especially noticeable with quebracho, where 
crystals of the salt could be clearly seen. All the precipitates dried out quickly 
and showed no tendency to be hygroscopic.
The precipitates formed with chestnut, mangrove, mimosa and valonia 
were almost completely soluble in water leaving only a very small amount of a 
dark coloured residue. Evidence obtained later suggests that this residue is 
probably a magnesium tannate. The precipitates dissolved in alcohol to give 
a dark brown solution leavmg a dirty white residue, which from its appearance 
and ash content (see Table I) was mainly magnesium sulphate. The ash 
content of the sesquihydrate of magnesium sulphate is given in Table I for 
comparison. With mimosa and mangrove, the rather lower ash content 
indicates the presence of some organic matter.
When the alcoholic filtrates were evaporated to dryness, a dark brown 
residue was obtained resembling the original tanning material. The ash 
content of these residues was small (Table I), indicating that this alcohol- 
soluble portion of the precipitate is not a magnesium salt of the tanning 
material but the salted out tanning material itself. In confirmation of this 
the dry residue from the alcoholic filtrate obtained with tannic acid was 
dissolved in water and Loewenthal and potentiometric titrations made on the
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solution. The results obtained were identical with those obtauied with a 
tannic acid solution of the same strengh.
TABLE I.
Ash Contents or PuEcnuTATEs 
(Weighed as Sulphates)
% Ash in alcohol- % Ash in alcohol- 
Liquor insoluble material soluble material
Chestnut ... 54 2-0
Mimosa ... ... 40 0-7
Mangrove ... 43 1-5
Valonia ... ... 40 1-1
Tannic Acid ... 50 0*73
M gS04.7Ha0 ... 40 —
It was concluded from these results that the precipitation of tans by 
magnesium sulphate is primarily due to salting out and not to the formation 
of magnesium tannate. The small amount of the precipitate which is insoluble 
in water and alcohol was considered to be magnesium tannate. This was 
only a very small fraction of the total precipitate.
The magnesium salts of taimic acid and mimosa taimin were prepared by 
the addition of sodium hydroxide to solutions of these tannins containing a 
small amount of magnesium sulphate, and compared vdth the precipitates 
formed on the addition of saturated magnesium sulphate to these solutions. 
Precipitation started at pH 4.0 and increased as more alkali was added up to 
pH 8.0. The precipitates formed were different in appearance from those 
obtained by the addition of saturated magnesium sulphate. With taimic 
acid, the precipitate was more flocculent, did not coagulate, and tended to 
darken in colom on exposure to air ; the mimosa precipitate also darkened on 
exposure to air, becoming a dirty violet in colour. Both precipitates were 
insoluble in alcohol and almost insoluble in water at pH values above 5.0, but 
on acidification they readily dissolved. The ash contents of the dried samples 
(weighed as sulphate) were 17.1 and 16.2% , respectively for tannic acid and 
mimosa, and assuming the molecular weight of these tannins to be 1700® this 
corresponds roughly to the combmation of 2 molecules of magnesium with 
each molecule of tan.
If precipitation of tans with saturated magnesium sulphate involves salt­
ing out only, it would be expected that it would cause a rise in the pH of the 
supernatant liquor owing to the removal of tan from the solution ; with both 
tannic acid and mimosa however, the pH fell (from 2.96 to 2.82 with tannic 
acid, and from 3.24 to 2.82 with mimosa). Calculation shows that the forma­
tion of even the small amounts of magnesium tannate indicated by the experi­
ments described above, and consequent production of sulphuric acid, could 
account for these decreases in pH.
The Loewenthal titration was carried out on the original and supernatant 
liquors from chestnut, mimosa and myrabolams before and after detanning 
with hide powder. The decrease in “ oxidisable ” matter due to precipitation 
is approximately the same as the decrease in “ oxidisable " tans, showing that 
it is the tannins which are mainly precipitated (see Table II). The relation
226
between tbe two sets of figures is not precise possibly because the presence of 
salts affects the combination of the tans with hide powder.
TABLE II.
T a n s  a n d  N o n - T a n s  P r e c i p i t a t e d  f r o m  T a n  L i q u o r s  b y  S a t u r a t e d  
M a g n e s i u m  S u l p h a t e .
Expressed as cc. N  K M 1 1 O 4  per 100 cc. 50°Bk. liquor.
Total oxidisable m atter Oxidisable tans
Before - After Before After
precipitation precipitation precipitation précipita
Chestnut 191 148' 152 102
Mimosa ... ... 190 146 182 127
Mangrove ...  ^ 159 103 146 64
(i) Precipitation hy M olar Solutions.
These experiments were carried out on chestnut (hydrolysable tannin) 
and mangrove (condensed tannin) liquors. Only those solutions of salts which 
could be adjusted to pH 3.5 without appreciably altering the molarity of the 
solution were used. The amount of material precipitated was small with all 
salts. The percentage organic matter removed in each case is given in Table I I I .
TABLE III.
T h e  P r e c i p i t a t i o n  o f  T a n n i n s  b y  M o l a r  S o l u t i o n s  o f  S a l t s .
Percentage oxidisable m atter precipi-
Salt
ta ted  from 50°Bk. liquor* 
Mangrove Chestnut
W a t e r  (control) ............... Nil Nil
S o d i u m  S a l t s —
Fluoride ... -3  2 Nil
Bromide ... 1-2 -3 -7
Sulphate 7 0 5-1
Chlorate ... 7-6 3-2
N itrate ... 8-2 1-8
Phosphate 8-2 5-1
Chloride 14-5 . 9-2
C h l o r i d e s —
Potassium chloride 13-9 8-3
Sodium chloride 14-5 9-2
Calcium chloride 15-2 6 - 5
Magnesium chloride 17-7 6-5
S u l p h a t e s —
Sodium sulphate 7-0 5-1
Ammonium sulphate 8-9 3-7
Zinc sulphate 11-4 3-7
Magnesium sulphate ... 12-0 4-1
Aluminium sulphate ... 35-5 5-5
N i t r a t e s —
Calcium n itrate 4-5 -3 -7
Sodium n itrate  ... 8-2 Nil
Magnesium n itrate 8-9 Nil
*Negative signs indicate th a t the addition of the salt caused an increase in the 
oxidisable m atter present, i.e., it  has a peptising rather th an  s salting out 
effect.
In some cases the addition of the salt caused an apparent increase in the 
amount of oxidisable matter ; this was probably due to a solubilising action 
on the insoluble matter present.
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A higher proportion of oxidisable matter is removed from mangrove than 
from chestnut by all salts. The effect of the salts was in general the same with 
both tan liquors, but there were certain exceptions, for instance,sodium sulphate 
precipitated a greater proportion of organic matter from chestnut than did 
zinc sulphate, whereas with mangrove the reverse was the case. The effect of 
different anions on the precipitation was determined by comparing the amounts 
of organic material removed by a series of sodium salts. Sodium chloride 
precipitated the greatest amount of organic material while sodium fluoride had 
a peptising rather than a salting out effect. In general the amount of oxidisa- 
able matter precipitated decreased in the order, chlorides, sulphates, nitrates. 
With mangrove the valency of the cation was found to influence the amount of 
•precipitate, divalent cations having more effect than monovalent cations. 
This was not so with chestnut, however, where the valency of the cation 
appeared to have little effect. '
(ii) Precipitation hy Saturated Solutions.
A larger amount of precipitate was formed with the saturated than with 
the molar salt solutions (Table IV).
The type of precipitate varied with the tamiing material, and also to some 
extent with the salt. Sometimes the precipitate was fine and granular, some­
times flocculent and sometimes sticky in consistency. In a few cases, e.g., 
eucalyptus, it formed a clot which remained suspended in the solution, and in 
others an apparently large amount of precipitate was formed at first which 
subsequently redissolved or settled to a very small bulk ; this was especially 
noticeable with aluminium, magnesium and zinc sulphates.
There appears to be some relation between the viscosity of the tan liquor 
and the type of precipitate, there being a tendency for a fine precipitate to be 
formed in those liquors having a high viscosity (see Table V). This is under-
TABLE V.
R e l a t i o n s h i p  b e t w e e n  t h e  T y p e  o p  P r e c i p i t a t e  F o r m e d  w i t h  S a t u r a t e d  
M a g n e s i u m  S u l p h a t e  a n d  t h e  V i s c o s i t y  o p  t h e  T a n n i n g  S o l u t i o n ,
Viscosity of 
100°Bk. liquor in
Tanning centipoises a t 16°C.
Material Type of Precipitate. (Hohnes & Brown*)
Quebracho Fine, granular 25-0
Valonia h'lne . . .  . . .  . . .  . . . 25-0
Mangrove h'lne . . .  . . .  . . .  . . . 22 0
Gambier |1 Coarse, tending to coagulate to ( 14-5
Eucalyptus 1 sticky mass ... 1  8-3
Mimosa )1 f 8-2
Chestnut 1 Plastic mass, drying to  hard solid
[
J  3-9
Myrabolam j 1 3-8
Tannic acid J I -
standai)le since a high viscosity will tend to slow up the movement of the 
suspended particles and so hinder further aggregation to form large particles. 
The rate of settling of the precipitate also varied greatly with the tanning 
material. The precipitates formed with chestnut, mangrove and eucalyptus 
liquors settled quickly leaving a clear supernatant liquor, while with the other
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tanning materials the precipitate did not settle completely even after several 
days.
With most salts a large proportion of the oxidisable matter was salted out 
from tannic acid, quebracho, mangrove and oucaljqitus liquors, a fair propor­
tion from chestnut and gambier, and a comparatively small proportion from 
myrabolam, valonia and mimosa.
The amount of organic matter precipitated and the rate at which it settles 
is probably related to the average size of the colloidal particles in the solution, 
the larger particles being more easily salted out. There is some agreement 
between the ease of salting out of certain tannins and their apparent molecular 
weight after dialysis as determined by Humphreys and Douglas® (Table VI).
TABLE VI.
R e l a t i o n s h i p  b e t w e e n  P e r c e n t a g e  C o l l o i d a l  M a t e r i a l  P r e c i p i t a t e d  b y
S a t u r a t e d  M a g n e s i u m  S u l p h a t e  a n d  t h e  M o l e c u l a r  W e i g h t  o f  t h e  T a n n i n .
Tanning Material
Tannic acid
Quebracho ..
Mangrove
Eucalyptus
Chestnut
Gambier
Valonia
Myrabolam
Mimosa
Percentage 
organic m atter 
precipitated
. 6 4 - 5  
49 0 
4 5 - 2  
2 3 - 5  
1 6 - 0  
1 2 - 7  
1 1 3  
8-8  
8 2
Molecular weight as 
determined by 
Humphreys & Douglas®
3434
2421
1545
520
1917  
1704 & 1570
Quebracho and tannic acid with higli apparent molecular weights are the 
most readily salted out, while chestnut, myrabolam and mimosa with lower 
molecular weights are precipitated less readily. Gambier, although fairly 
readily salted out, has a much lower apparent molecular weight than the other 
tannins. Tlie liquor after dialysis still contained 13% non-tans and it is, 
therefore, probable that the actual size of the gambier tannin molecule is con­
siderably greater than the average value reported. Working on the assump­
tion that the larger particles are more readily salted out, Stiasny and Solomon® 
and Stather and Schubert® have carried out fractional salting out experiments 
with sodium chloride in order to obtain data on the degree of dispersion of 
various tannins. The technique used was similar to that used in this investi­
gation and the amount of tan salted out was estimated by the Loewenthal 
method. In Table VII the figures obtained by these authors using a similar 
concentration of sodium chloride to that used in this investigation are given. 
These differ somewhat from those obtained here (the different concentrations 
of tan used are probably the cause), but in all cases the highest percentage of 
tan was precipiated from quebracho.
The amount of precipitate and the rate of settling also varied with the 
salt. The precipitates formed with the following salts generally settled rapidly, 
and gave a clear, supernatant liquor after two days : lead acetate, aluminium, 
magnesium, sodium and calcium chlorides, zinc, magnesium and ammonium 
sulphates, lead nitrate and sodium phosphate. In general the different salts 
behaved similarly with all tanning materials. Lead acetate, aluminium,
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magnesium, calcium, and sodium chlorides, and magnesium sulphate precipitate 
a large or fairly large proportion of organic matter from all tan liquors. Except 
in a few cases, zinc sulphate, aluminium sulphate and sodium phosphate also 
precipitate a fairly high percentage of the colloidal material. The remainder 
of the salts generally precipitate little material, and in many cases have a 
peptising effect and prevent deposition of any insoluble matter. Aluminium 
salts appear to be particularly effective in the salting out of the organic material 
from myrabolam extracts.
TABLE VII.
P e r c e n t a g e  C o l l o i d a l  M a t e r i a l  P r e c i p i t a t e d  b y  S o d i u m  C h l o r i d e .
Stiasny and Stather and
Bowes 
50 cc. saturated 
NaCl solution
Solomon® Schubert* added to  100
Method 8 g. NaCl 12 g. NaCl cc. 50°Bk tan
added to  100 added to 100 liquor (i.e., 8-8
cc. tan  liquor cc tan  liquor g. salt per 100
Tannic acid
CO. mixture) 
16-8
Quebracho !!.’ 23 6 24-6f 60-5
Mangrove 17-8* ' — 36-0
Eucalyptus — — 31-5
Valonia ... — 17-2$ 19-0
Gambier ... * ... — 8-9$ 14-4
Chestnut 20-6 2 0 -1$ 11-5
Mimosa ... 8 -3 t 22-3$ 9-2
Myrabolam — 2 1 -8$ 3-8
* liquor contained 6 -8% tan. t  liquor contained 7-5%  tan
f liquor contained 3-2%  tan
With regard to their ability to salt out the colloidal material in tan liquors, 
the following salts should be as effective, or nearly as effective, as magnesium 
sulphate for the treatment of sole bends ; magnesium, sodium, calcium and 
aluminium chlorides, zinc and aluminium sulphates and lead acetate. This, 
however, is only one factor involved in the choice of a salt for the treatment 
of sole leather, its effect on the feel and appearance of the leather, its tendency 
to give a salt spue, and its price and availability must also be considered (see 
Section rV).
II. The Effect of Sugars and Other Organic Substances on the 
Precipitation of Tannins by Saturated Salt Solutions.
Cane sugar or glucose are usually added to the magnesium sulphate used 
in the treatment of sole bends, and the effect of these sugars and other organic 
compounds on the precipitation of the colloidal material from tan liquors by 
magnesium sulphate has been studied with the object of throwing some light 
on their function. Preliminary experiments showed that cane sugar andg lucose, 
glycerol, ethylene glycol, ethyl alcohol, acetone and urea prevented or dimin­
ished the amount of precipitate formed with magnesium sulphate. In those 
cases where the precipitate was diminished there was considerable-delay in its 
formation. The addition of these substances to tannins which had already been 
salted out with magnesium sulphate immediately redissolved the precipitate.
The relative effectiveness of these organic substances in decreasing the 
salting out action of a concentrated magnesium sulphate solution was investi-
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gated. Varying amounts of tlie organic compoimds (see Table VIII) were 
added to 80 cc. of saturated magnesium sulphate solution and the volume made 
up to 100 cc. In tlie case of the strongest cane sugar, glucose and ui'ea solu­
tions the volume slightly exceeded 100 cc. The effect of addition of 20 g. of 
ethyl alcohol or acetone to the saturated salt solution could not be determined 
since these amounts caused the magnesium sulphate to be precipitated. The pH  
of the solutions was adjusted to 3.5. 20 cc. of each of these solutions were added 
to 20 cc. samples of a 12.5% tannic acid solution and to 20 cc. samples of 
50°Bk mimosa, chestnut and mangrove liquors. The pH of these liquors 
was also adjusted to 3.5.
TABLE VIII.
T h e  E f f e c t  o f  O u o a n i c  C o m p o u n d .s  o n  t h e  S a l t i n o  o it t  o f  T a n n i n .s  b y  
M a g n e s i u m  S u l p h a t e .
Organic compounds added to 80 cc. saturated MgSO^ and the volume 
made up to lOOcc.
Additions to 
magnesium sulphate Amount of tannin precipitated
solution Taimic acid Chestnut Mimosa M ongrv ve
g.per 100 cc. 12-5% 50°Bk.liquor 50°Bk.liquor 50°Bk.liquor
Nil +  +  + +  H- +  + +  +  + 4--f-i--f
50 g. cane sugar — + + 4-
20 g. cane sugar... — +  + +  + -h4-4-
10 g. cane sugar... + +  +  + +  + 4-4-4-
5 g. cane sugar... + +  +  + 4-4- 4-4-4-
50 g. glucose - — i- . +  + 4-90 g. glucose + +  +  + 4-4- 4--H4-
10 g. glucose +  + +  +  + +  + +  4-4-
5 g. glucose +  +  + +  +  + 4-4-4- . +  +  +
20 g. glycerol — + 4- +
10 g. glycerol — +  + 4--h +  +
5 g. glycerol + +  + 4-4- +  +
2 • 5 g. glycerol + +  +  + -H4- +  +
20 g. ethylene glycol . — + +
10 g. ethylene glycol . — +  + 4- +  +
5 g. ethylene glycol . — +  + 4-4- +  +
2 ■ 5 g. ethylene glycol. +  + 4' +  + 4--H +  +  +
20 g. ethyl alcohol - ■ ■ ——- '
10 g. ethyl alcohol — +  + 4- +
5 g. ethyl alcohol — +  + 4-4-4- +  +
2 g. ethyl alcohol + +  +  + 4-4-4- +  +  +
20 g. acetone ------ — ' ,
10 g. acetone — J. + +
5 g. acetone + + 4-4- +
50 g. urea — + — 4-
20 g. urea — +  + +  + +  +10 g. urea + +  + 4- 4- +  +  +
It was not possible to obtain quantitative figures by means of the 
Loewenthal method, for the amounts of precipitate formed, since many of the 
organic compounds reduced the permanganate under the conditions of the 
titration and so interfered with the determination. The amount of precipi­
tate was estimated, but owing to the variation in the nature of the precipitate 
this was difficult, and the results can only be considered approximate.
The effect of the addition of organic compounds was most marked with 
tannic acid, the addition of even 5 g. of ethylene glycol or ethyl alcohol was 
sufficient to prevent any precipitation, and the addition of only 2 g. caused
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a considerable reduction in the amount formed. Glycerol and acetone had 
rather less effect, and m'ca, cane sugar and glucose still less. Similar but less 
marked results were obtained with the tan liquors.
It has generally been considered that the function of the Epsom salts 
treatment of sole bends is to precipitate the colloidal material in the tan Hquor 
present in the interfibrillary spaces. The reason for the use of cane sugar or 
glucose in conjimction with the Epsom salts is not obvious at first, since these 
substances reduce the effectiveness of the precipitation to a considerable 
extent. In practice, however, the precipitation of the colloidal material 
depends not only on the effectiveness of the precipitating solution, but also 
on the diffusion of this solution into the interfibrillary spaces of the leather. 
Attempts have, therefore, been made to study the precipitation under con­
ditions more nearly resembling those occurring in leather, namely in capillary 
tubing.
In the first experiments 3 mm. bore tubes about 4 in. long were used. The 
salt solution was drawn up into the tube, the end closed with a small piece of 
plasticine and the tube stood upright. The tan Hquor was added to the top of 
the salt solution by means of a fine capillary tube, care being taken to avoid 
the formation of a bubble at the junction of the two liquids. The forma­
tion of a precipitate, and the rate of diffusion of the tan Hquor into the salt was 
observed. It was found that with saturated magnesium sulphate and chloride 
solutions a clot of precipitate was formed at the junction of the two liquids 
which prevented further diffusion. The addition of 20% of cane sugar, glucose, 
glycerol or ethylene glycol to the salt solution reduced the amount of precipitate, 
but no clot was formed, diffusion continued and such precipitate as was formed 
was distributed evenly throughout the tube. With magnesium chloride the 
presence of cane sugar did not entirely prevent the formation of a clot.
In leather the capiUaries are much finer and there is, therefore, more 
probability of a clot forming. Further experiments were, therefore, carried 
out in very fine capiUary tubing (0.3 mm. bore). A short length of this tubing 
was attached to a Burroughs WeUcome micrometer-syringe and a smaU amount 
of tan Hquor drawn into the tube, followed by an equal amount of salt solution. 
100°Bk mimosa, chestnut, eucalyptus and mangrove Hquors were used for these 
experiments. With saturated magnesium sulphate a clot was formed at the 
junction of the two liquors, except in the case of mangrove, where a larger 
amoimt of precipitate was formed in bands along the tube. In the presence of 
cane sugar less precipitate was formed, and this was distributed fairly evenly 
throughout the tube.
Typical examples of the precipitate formed and their distribution are 
shown in Fig. 1. The capiUary space is shown as a darker line running down 
the centre of each tube, that occupied by the magnesium sulphate solution is 
greyish in colour, whUe that occupied by the tan Hquor is considerably darker. 
The precipitate, when present, shows up as a completely dark area with irregu­
lar edges. In the case of magnesium sulphate alone (A) a large clot of precipitate 
can be seen, and the Hght colour of the Hquor to the right of the clot shows that 
little further diffusion of the tan Hquor has taken place. Magnesium sulphate
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Precipitation of tannins in capillary tubes. Magnification X 4.
, A Magnesium sulphate
B Magnesium sulphate +  0-5%  alginate 
C Magnesium sulphate -f- 20% cane sugar
D Magnesium sulphate -f 20% glucose
E  Magnesium sulphate + 2 0 %  glycerol
F  Magnesium sulphate + 2 0 %  ethylene glycol.
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to which sodium alginate had been added gives a similar clot of precipitate (B). 
With cane sugar and glucose (C and D) the precipitate is more evenly distri­
buted, while with glycerol (E) and ethylene glycol (F) there is little precipitate 
formed, the few clots visible being well distributed.
It was thought possible that the sugar did not actually prevent salting out 
of the colloid particles, but slowed up the precipitation process by increasing 
the viscosity of the solution, thereby delaying the aggregation of the colloid 
particles. Experiments were carried out to verify this point. Solutions of 
magnesium sulphate and the different organic substances of approximately 
the same viscosity were made up, and the precipitation of 100° Bk mimosa, 
chestnut and mangrove liquors by these solutions m fine bore capillary tubes 
(0.3 mm. bore) was examined (see Table IX).
TABLE IX.
T h e  E f f e c t  o f  V i s c o s i t y  o n  t h e  P r e c i p i t a t i o n  o f  T a n n i n o  b y  M a g n e s i u m  
S u l p h a t e  a n d  O r g a n i c  C o m p o u n d s .
Substances added to 75 cc. saturated magnesium sulphate solution and volume
made up to 100 cc.
. Additions to mag- Viscosity
nesium sulphate relative Tan Liquor
solution to  water Mimosa Chestnut Mangrove
(1) Nil ............... 2 6 Clot formed, 
little diffusion
Clot formed, 
little diffusion
Precipitate 
in bands, 
little diffusion
(2) 32 g. cane sugar 7-0 Little precipi­
ta te , even 
diffusion
Some precipi­
ta te , fairly even 
diffusion
Some precipi­
ta te , even 
diffusion
(3) 56 g. glucose ... 6-5 as (2) as (2) as (2)
(4) 20 g. glycerin ... 6-7 as (2) ' as (2) L ittle precipi­
tate, even 
diffusion
(5) 26 g. ethylene
glycol...
6-8 No precipitate, 
even diffusion
Little precipi­
tate, even 
diffusion
No precipitate, 
even diffusion
(6) 15 cc. of 2-5%  
sodium alginate 
solution
7-0 Fine precipi­
ta te , some 
diffusion
as (1) as (1)
From these results it may be concluded that viscosity does not play a 
major part in determining the rate of diffusion of the salt solution into the 
capillaries or the amount of precipitate formed.
III. The Effect of Treatment in Salt Solutions on the Appearance
of the Leather.
A sample of leather prior to the Epsom salts treatment was obtained. 
Small pieces about 1 in. square were immersed in 20 cc. of a series of different 
salt solutions (see Table X) for 30 min., rinsed in water, lightly oiled with cod 
oil and allowed to dry grain uppermost.
The colour of the salt solution after removal of the leather, and the colour 
of the leather, were noted (Table X).
The colour of the solution after use gives a rough estimate of the tan 
washed out from the leather during treatment. This depended on the Barko- 
meter strength of the solution used, those greater than 200°Bk, i.e., of higher
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Barkometer than the tan liquors from which the leatlier had been taken, almost 
completely prevented washing out of the tan,
TABLE X.
I m m e r s i o n  o f  L e a t h e r  i n  S a t u r a t e d  S a l t  S o l u t i o n s ,
(Laboratory experiments)
Colour of solution
after immersion Colour of leather
Salt solution of leather after drying
Magnésium sulphate ... ... ’ Light
Magnesium chloride Almost colourless Light
Sodium phosphate Fairly light
Lead acetate ... ... ... , Very dark
Calcium chloride Light
Zinc sulphate Fairly light
Sodium chloride... Very light brown R ather dark
Calcium nitrate R ather dark
Aluminium chloride Dark
Sodium hexametaphosphate ... \ Light
(Calgon)
Magnesium n itrate  ... ... Fairly light
Ammonium sulphate Fairly light
Potassium alum Light brown R ather dark
Sodium sulphate R ather dark
Sodium n itrate R ather dark
Lead nitrate Very dark
Aliuniniura sulphate ... Fairly light
Ammonium alum R ather dark
W ater R ather dark
Sodium chlorate Brown Dark
Sodium fluoride Dark
Sodium acetate ... ... Very dark
The colour of the dried leathers does not nm  parallel with the amoimt of
tan washed out. Magnesium sulphate, magnesium chloride, calcium chloride 
and sodium hexametaphosphate (Calgon), gave a leather of a light colour, 
although little tan has been removed during treatment. Sodium phosphate, 
zinc sulphate, magnesium nitrate, ammonium sulphate and aluminium sulphate 
gave fairly light coloured leathers, while leathers treated with lead salts and 
sodium fluoride were very dark in colour. The leather samples treated with 
aluminium salts or alum were inclined to have a yellowish tinge and that 
treated with zinc sulphate a greyish tinge.
It was considered possible that satisfactory results might be obtained with 
sodium sulphate to which some other salt had been added in order to increase 
the Barkometer strength. Mixtures of sodium sulphate with aluminium 
sulphate, ammonium alum, and sodium chloride were tried (see Table XI). 
The mixture of sodium sulphate and sodium chloride prevented the tan being 
washed out, but gave only a fairly light coloured leather. The addition of 
even a small amount of alum or aluminium sulphate gave the leather a decided 
yellow tinge. Mixtures of sodium chloride with alum and aluminium sulphate 
also gave poor results.
The effect of the addition of cane sugar to various salt solutions was 
investigated (Table XI). A solution of cane sugar alone prevented the tan
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bleeding out to a very large extent, and all solutions Containing cane sugar were 
light in colour after use, indicating that little tan had been washed out from the 
leather.
TABLE XI.
I m m e r s i o n  o f  L e a t h e r s  i n  S a l t  S o l u t i o n s  a n d  i n  S a l t  a n d  S u g a r
S o l u t i o n s .
(Laboratory experiments)
B arko­
m eter Colour of solution 
° after use
Brown
Solution 
Satd. N ajS0 4 +  10% alum
Satd. Na^SOi +
10% AL(S04),.18Hg0 
Satd. ISrajSOi+ 20% NaCl ...
30% NajSOi.IOHaO +
2% A 1,(S04),.I8H ,0
Satd. NaCl +  10% alum
25% NaCl +
50% AL(S0.i)3.18H20
W ater
142
150
216
156
205
282
0
50% Cane sugar
Satd. MgSO* ...   260
Satd. MgSO^ +  50% cane sugar 331
Satd. NagSO* ... ... ... 109
Satd. NagSO^ +  50% cane sugar 227
Satd. NaCl ... ... ... 198
Satd. NaCl +  50% cane sugar 296
Satd. ZnSO^ ...   324
Satd. ZnSOi +  50% cane sugar 390
Satd. Alg(S0 4 ) 3 ............................  210
Satd. Alg(SO4)3+50% cane sugar 320
Satd. MgClg ... ... ... 214
Satd. Mg.Clg+50% cane sugar 308
Satd. MgSO4+40% cane sugar 254
Satd. M gSO i+40%  glucose ... 234
Satd. MgSO4+ 20% glycerin ... 235
Satd. MgSOg+20% ethylene 214
glycol
Satd. M gSOi+O-5% sodium 186
alginate
Satd. NagS0 4 +0*5%  sodium 98
alginate
Brown
Very light brown 
Brown 
Light brown 
Light brown 
R ather dark brown Dark, patchy 
Very light brown 
Very light brown 
Very light brown
Colour of leather
Fairly hght, rather 
yellow 
Fairly light, rather 
yellow
Fairly light, rather 
patchy 
Fairly light, rather 
yellow 
R ather dark, rather 
patchy 
Dark, patchy
Brown 
Light brown 
Light brown 
Light brown 
Very light brown 
Very hght brown 
Brown 
Brown 
Light brown 
Light brown 
Very hght brown 
Brown 
Light brown 
Light brown 
Very hght brown
Fairly hght
R ather dark
Fairly hght
Fairly hght
Fairly hght
Fairly hght, rather 
patchy 
Light
Dark, rather grey, 
spue a t edges 
Fairly hght
Dark, rather 
patchy 
R ather dark
Light
Fairly hght, rather 
patchy 
Fairly hght '
Light
Fairly hght 
Fairly hght
R ather dark, patchy 
spue a t edges 
R ather dark brown R ather dark
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Ill all cases, except that of magnesium chloride, the leathers treated in the 
solutions of salt and cane sugar wore of a lighter and more even colour than 
that of the leathers treated in the coiTosponding salt solutions alone.
The effect of the addition of glucose, glycerol, ethylene glycol and sodium 
alginate to satui’ated magnesium sulphate solutions was also tried. The 
alginate gave definitely poor results, the leather was dark and salt spue 
appeared on the edges of the sample after a few days. Of the other samples, 
that treated in the presence of glycerol was the least good. There was little 
to choose between the other three samples, but that treated in glucose was 
perhaps a little lighter in colour.
Discussion.
It is clear from the experiments described here that the precipitation of 
tamiins by saturated salt solutions is primarily due to “ salting out ” of the 
colloidal material, and that only very small amounts of the magnesium salt of 
the tannin are caiTied down with these precipitates.
It seems safe to conclude that one function of the salts treatment given to 
sole bends is the precij)itation of uncombined colloidal material in the inter­
fibrillary spaces of the leather, thus preventmg this from creeping to the sur­
face during drying. Salts which cause the greatest amount of precipitation 
should, therefore, be the most efficient for this purpose. Magnesium sulphate 
is the salt most widely used in practice and these experiments show, that 
with the possible exception of lead acetate, aluminium chloride, magnesium 
chloride and calcium chloride, it is the most efficient salt with regard to the 
precipitation of tan. Sodium suljihate, which has been used as a substitute 
with some success,is less soluble than magnesium sulphate, and even at equiva­
lent concentrations is a less effective precipitant.
The abihty to precipitate tans, however, is only one factor involved m the 
choice of a suitable salt for the treatment of sole leather, its tendency to give a 
salt spue, its effect on the feel and appearance of the leather, and its price 
and availability must also be considered. With respect to the colour of the 
leather, magnesium sulphate and chloride, calcium chloride, sodium phosphate 
and zinc sulphate were found to be satisfactory. Aluminium salts produced a 
light, but rather yellow coloured leather.
The presence of sugar and other organic compounds decreases the amount 
of precipitate formed on the addition of salts, and it was not at first clear why 
cane sugar or glucose is so widely used in conjimction with magnesium sulphate 
in practice. As a result of experiments on precipitation in capillary tubes, 
however, it was concluded that one function of the sugar is to prevent the 
formation of large clots of precipitate in the capillary spaces near the surface 
of the leather which will hinder further diffusion of the salt solution into the 
leather. Although the actual amount of material precipitated is less in the 
presence of sugar, the precipitate will be more evenly dispersed throughout 
the leather. Another function of the cane sugar or glucose is to reduce the 
tendency of the salt remaming in the finished leather to spue on storage. This 
is further considered in a subsequent paper.
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With regard to the theoretical considerations involved in the stabilising 
action of cane sugar and other organic compounds on the saltmg out of the 
colloidal material there are two possibilities :—
(1) A solvent effect—the addition of the organic substance causes the 
properties of the dispersion medium to approach more nearly to those 
of an organic solvent and the degree of dispersion of the colloidal 
particles is thereby increased.
(2) An effect on either the tannin particles or on the ions of the salt which 
diminishes the salting-out power of the latter.
Considering the first possibility, there is some evidence which suggests 
that the degree of dispersion of taimins is greater in organic solvents than in 
water. The apparent molecular weight of gallotannm as determined by 
various workers is generally found to be lower in organic liquids than in water 
(Table X II). In a lengthy paper by Navassart^® dealmg with the colloidal
TABLE XII.
M O L E C U L A R  W e i g h t  o f  T a n n i c  A c i d  i n  V a r i o u s  S o l v e n t s .
Solvent
Glacial acetic
Observer V’ater Acetone acid
Paterne^ .. 2643-3700 340
Sabanejeff® .. 1104 1113-1322
Walden® ... 1350-1560
Ivraft*® ... ..’ 1587-1626 753-763
Held^^ 714-2383 774-852 441-705
Feist .. 615-1045
Iljin^® ............... 1247-1637
Brintzinger^* ... ... ' 1780
Humphreys and Douglas® 3434
properties of tannins, there is certain evidence derived from measurement of 
the specific optical rotation of liquors before and after dialysis and observa­
tions under the ultramicroscope which indicate tliat the particle size of the 
dispersed tamiin tends to be smaller in organic liquids than in water.
The characteristic physical property of organic solvents which differeln 
tiates them from water is their lower dielectric constant. The dielectric co-n 
stant of water is 79, while that of glycerol is 56, of acetone 27 and of ethy- 
alcohol 26. The dielectric constant of a 30% aqueous solution of cane sugar 
is 74 and of a 13% ethyl alcohol solution 72.35. These values are much nearer 
to that for water than to those representative of organic solvents, but even 
weaker solutions of cane sugar and of ethyl alcohol have a marked effect in 
preventing precipitation of the tannins by salts-. The action of organic sub­
stances cannot, therefore, be explained by the supposition that they give the 
dispersion medium the properties of an organic solvent. I t  is possible, how­
ever, that the addition of the organic substances does increase the degree of 
dispersion of the tannins to some extent.
It is possible that in the presence of the organic substances the solvation 
of the ions of the salt or the tannin particles is altered in such a way that 
dehydration and consequent precipitation of the tannin micelles does not take 
place. Jipgensons^®* has published several papers dealmg with the
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effect of alcohol and other organic compoiuids on the stability of casein,haemo­
globin and albumin sols in the presence of salts. He finds that these substances 
sensitise the sols at low concentrations, have a stabilising effect at concentra­
tions between 40 and 60% by volume and again sensitise at higher concentra­
tions. The stabilismg effect was most marked in the presence of high con­
centrations of salt. He ascribes this stabilising action to the formation of 
adsorption complexes between the colloid micelle, the salt and the organic 
compoimd, by means of which the hydration, and so the stability of the colloid 
particle is mcreased. Viscosity measurements also suggest that the particles 
in these stabilised protein sols are more strongly solvated than the particles 
of the sols in water.
It is possible that some shnilar mechanism is responsible for the stabilismg 
effect of the organic conipoimds in the experiments under consideration here. 
There was, however, no point of maximum stability and in all concentrations, 
even as low as 1 %, there was a definite stabilising effect.
It is also possible that the organic substances form complexes with either 
the tannin particles or the ions of the salt, thereby reducing the salting out 
power of the latter. Complexes of certain salts with organic compomids con­
taining hydroxyl gi'oups are known ( P f e i f f e r ^® ) ,  for instance :—
Magnesium salts in which the magnesiiun ion is solvated by one molecule 
of an alcohol.
A variety of salts in which tliree molecules of ethylene glycol or glycerol 
are attached to the metallic ion.
Compounds of sodium chloride and sugar such as NaCl.CgHigO.g^HgO, 
and NaCl.C12H 22O11.2H 2O.
The formation of complexes of these types between the salts and the 
organic compounds may be one of the causes of the stabilising action of these 
substances.
It is, therefore, probable that the organic substances prevent precipitation 
by reason of the formation of complexes with the salts or with the tannins or 
both. The fact that tannins are more highly dispersed in organic liquids may 
also influence the precipitation to a smaller extent. Whatever the exact 
explanation may be, it is remarkable that concentrations of alcohol and ethylene 
glycol as low as I % have such a marked stabilising effect.
Summary.
1. The precipitation of tannin solutions by saturated magnesium sulphate 
solution is shown to be mainly due to the salting out of the colloidal tanning 
material. The precipitates formed consist almost entirely of the tannin in 
question and only contain a very small amount of the magnesium salt of the 
tannin.
2. Molar solutions of salts precipitated little organic matter and there was 
no relation with the Hofmeister series. Saturated solutions precipitated a 
higher proportion of the organic matter. The type of precipitate varied with 
the tanning material and to a lesser extent with the salt ; there was a tendency 
for a fine precipitate to be formed in those liquors having a high viscosity.
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The amount of precipitate also varied with the tanning material and the 
salt. A large proportion of the colloidal material was precipitated from tannic 
acid, quebracho, mangrove, and eucalyptus liquors, a fair amount from chestnut 
and gambier, and comparatively little from myrabolam, valonia and mimosa.
The ease of salting out of the different tannins showed some relationship 
to their apparent molecular weight, quebracho and tannic acid, with high 
molecular weights and correspondingly large particle size, being the most easily 
salted out. With regard to their ability to salt out the colloidal material, the 
following salts should be as effective or nearly as effective as magnesium 
sulphate for the treatment of sole bends : magnesium, sodium, calcium, and 
aluminium chlorides, zinc and aluminium sulphates, and lead acetate.
3. Salts producing a light or fairly light coloured leather were magnesium 
sulphate and chloride, calcium chloride, sodium phosphate, zinc sulphate,. 
aluminium sulphate and ammonium sulphate. Leathers treated with alumin­
ium salts had a slightly yellow colour. Leathers treated in solutions of salts 
containmg cane sugar or glucose were a lighter and more even colour than 
leathers treated in the corresponding salt solutions alone.
4. The effect of cane sugar and other organic compounds containing 
hydroxyl groups on the salting out of tans was studied. These substances, 
especially ethylene glycol and ethyl alcohol, prevented or decreased the 
precipitation of the colloidal matter. Experiments carried out in fine bore 
capillary tubes suggest that one function of the cane sugar and glucose used in 
conjunction with magnesium in the treatment of sole bends is to prevent the 
formation of large clots of precipitate in the capillary spaces near the sur­
face of the leather which will hinder further diffusion of the salt solution into 
the leather.
Thanks are due to the Council of the British Leather Manufacturers^ 
Research Association for permission to publish this paper.
British Leather Manufacturers'' Research Association,
1/6, Nelson Square, London, S .E .\.
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THE USE OF SALTS IN THE FINISHING OF SOLE BENDS. 
Part II.— The Effect of Cane Sugar and Other Organic Compounds 
on the Prevention of Salt Spue. 
By J. H. Bowes.
It has been suggested that one function of the cane sugar generally used 
in conjunction with magnesium sulphate hi the treatment of sole bends is to 
minimise the danger of salt spue on the finished leather.
The property of a salt which renders it liable to spue is connected with 
the ability of the saturated solution to show the phenomenon generally known 
as creep. .
Hazlehurst, Martm and Brewer^ have studied the creep of various satmated 
salt solutions. They suggest that the mam factor governmg creep is the 
ability of the solute to displace the solution from, and to spread over, the 
supportmg surface. The relative ease with which the solution and the solute 
wet the surface is, therefore, important. It may be concluded from this that 
the addition of oils, etc., to leather will hifluence the spue by altermg the 
surface over which the salt must creep in order to reach the surface of the 
leather. Another factor influencing creep is the crystal form of the solute. 
Sohds which crystallise m needles or rods are found to creep more readily 
than those crystallismg in cubes.
In this investigation, the creep of sodium chloride and sodium sulphate 
solutions to which varymg amomits of cane sugar, glucose and other organic 
substances had been added, has been studied. The degree to which these salts 
will spue when present in leather and the effect of cane sugar, etc., on the 
formation of spue has also been considered. These salts were chosen in 
preference to magnesium sulphate as preliminary experhnents showed that 
they had a greater tendency to spue formation.
Experimental Method and Results.
Solutions of sodium chloride containing varyhig amounts of cane sugar, 
glucose, glycerol ethylene glycol, sodium alginate and urea were made up 
(see Table I).
The solutions were all adjusted to pH 3.5. 10 cc. of each solution were 
pipetted mto a series of small specimen tubes 3.5 cm. m diameter and 7 cm. 
high, care bemg taken to prevent any of the solution touching the sides of the 
tubes above the level of the hquid. These tubes had previously been well 
washed with distilled water and rinsed with acetone m order to remove any 
dirt or grease which might affect the creep. The tubes were left midisturbed 
and the time at which ciystaUisation and creep started, and the rate at which 
the creep proceeded, were noted. The rate of creep is hifluenced by local 
variations in conditions of evaporation and on the chance formation of crystals 
near the sides of the tubes, and hence these experiments can oidy be con­
sidered to give a rough estimate of the extent to which these solutions creep. .
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In all cases except, that of the sodium alginate, the addition of organic 
compomids either prevented or caused a definite decrease in the extent of 
creep (see Table I). In any particular series, the extent to which creep was 
inliibited increased with the concentration of the added organic substance. 
Glycerol was the most effective in preventing creep, followed by urea, ethylene 
glycol and cane sugar. Glucose had less effect and sodium alginate tended to 
encourage creep. The rate of crystallisation was not markedly affected by the 
addition of the organic compounds, but the size of the crystals tended to be 
smaller in the solutions containing high concentrations of the organic compounds.
TABLE I.
T h e  E f f e c t  o f  O h g a n i c  C o m p o u n d s  o n  t h e  C r e e p  o f  S o d i u m  C h l o r i d e  S o l u t i o n s
(Orgnnie Compoinids lulded to 80 cc. snturntod NiiCI and the Volume made up
to 100 cc.)
Additions to
sodium chloride I'ime in days
solu tion 2 4 0 8 10 12 14
t^il .. .  ... .. . — c + +  + +  +  + +  +  +  +  + +  +  +  +  + +  +  +  +  +
50 g. cane sugar ... — c--- — — — — —
20 g . cane sugar ... — c— — — — — —
10 g. cane sugar ... — c— — — — + +  +
5 g. cane sugar ... — c--- — — +  + +  +  + +  +  +  +
50 g. glucose — — c--- — — + +  +
20 g . glucose — c--- — + +  + +  + +  +  +
10 g. glucose — c--- — + +  + +  +  + +  +  +  +
5 g. glucose — 0--- + +  +  + +  +  +  + +  +  +  +  + +  +  +  +  +
20 g. glycerol — c--- — — — — —
10 g. glycerol — 0--- — — — — —
5 g. glycerol — c--- — — — — —
20 g. eth y len e glycol c— — — : — — — —
10 g. eth y len e glycol c— '— — — + + +  +
5 g. e th y len e glycol — c--- -- — + + +  +
5 cc. 2.5%  alginate + +  + +  +  +  +  + +  +  +  +  + +  +  +  +  + +  +  +  +  + +  +  +  +  +
2 cc. 2.5%  aligna te — — +  + +  +  +  + +  +  +  +  + +  +  +  +  + +  +  +  +  +
50 g. urea — — c--- — — - — —
20 g. urea ... — — c--- — — — —
10 g. urea ... — c--- 0--- — — — ---
5 g. urea ... — — c + +  +  + +  +  +  +  + +  +  +  +  + +  +  +  +  +
Significance of symbols (Tables I and II).
— =  no creep.
c =  denotes s ta rt of crystallisation.
=  interm ediate amounts of creep.
=  extensive creep.
This experiment was repeated at a later date with similar results except 
that owing to conditions being less favourable for evaporation a much longer 
period elapsed before creep started.
The creep of a saturated solution of a salt over a glass siuface is not 
necessarily a measure of the extent to which that salt would spue when present 
in leather and the creep of sodium sulphate solutions on surfaces more nearly 
resembling that of leather was, therefore examined. Microscope slides were 
coated with a film of gelatin, and these films either vegetable or chrome- 
tanned. These slides, together with untreated slides, were then fixed vertically 
in specimen tubes containing 10 cc. of the different sodium sulphate solutions 
to which additions of organic comjiounds had been made. The extent of creep 
up the slides was noted as before (Table II).
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The extent, of the creejj on the glass smfaces was similar to that taking 
place with sodium chloride solutions in the first experiments, glycerol and 
ethylene glycol weie again the most effective, preventmg creep at all 
concentrât ioijs for periods up to 12 days. All except the lowest concentrations 
of cane sugar, glucose and sodium alginate also prevented creep for the same 
period.
Alginate was more effective in preventhig creep of sodium sulphate than 
sodium chloride solutions, and urea was less effective. The mea caused the 
sodium sidphate to crystallise in needles histead of hi cubes ; as already 
mentioned, compounds forming needle-shaped crystals creep more readily than 
those which crystallise in cubes, and it is ijossible that the altered crystalline 
form produced by the m ea is the cause of the more extensive creep in these 
solutions. It will be noted that as soon as crystals were observed hi these 
solutions, creep started.
Ci-eep occiured less readily on vegetable and chrome-tanned gelathi fihns 
than on glass. The addition of the organic compomids again reduced the 
extent of creep, their effect being more marked with vegetable than chronie- 
tamicd fihns. Even the lowest concentrations of cane sugar, glucose and 
algmate pi evented creep on the vegetable taruied fihns for the period of the 
experiment and with 5%, glycerol, it was only slight (urea and ethylene glycol 
were not tested with the vegetable and chrome taimed fihns). With the 
chrome tanned gelatin fihns, cane sugar, jirevented creep at all concentrations, 
and with glucose, glycerol and alginate the creep was very slight.
The formation of spue on leathers which had been immersed in the differ­
ent salt solutions was observed under laboratory conditions. Prelimmary 
experiments showed that it was difficult to see spue on the rough sm-face of 
unfinished leather, finished leather was, therefore, used m these experiments 
in preference to leather taken prior to the Epsom salts treatment. Samples 
about 1 in. by 5 in., were immersed in 25 cc. of the salt solutions for 18 hrs., 
rinsed, left m water for 15 mms. to remove some of the excess salt and then 
blotted dry. The leathers were left to chy out under laboratory conditions and 
the extent of the spue noted in each case. Sodium chloride showed a much 
gi'eater tendency to form a salt spue than sodium sulphate probably owing to 
its greater solubility, and hence higher concentration m the leather.
Cane sugar was the most effective in reducing spue, glucose, urea, glycerol 
and ethylene glycol were rather less effective, while sodium alginate appeared 
to encourage the formation of spue. As in the case of creep, the development 
of spue was retarded as the concentration of the organic substance was 
increased.
The relationship between the development of salt spue on leather and creep 
on a glass surface was only approximate, but when spue formation on vegetable 
tanned leather was compared with creep on a vegetable tanned gelatin film a 
good relationship was found. The effectiveness of the organic compounds in 
preventmg creep on the vegetable tanned fihns then ran parallel to theh  
effectiveness in preventing spue.
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TABLE III.
T h e  E f f e c t  o f  O r g a n i c  C o m p o u n d .s  o n  t h e  F o r m a t i o n  o p  S a l t  S p u e  o n  
H e a v y  L e a t h e r  a f t e r  T r e a t m e n t  i n  SooruM  C h l o r i d e  S o l u t i o n s .
(Organic compounds added to 80 cc. .saturated NaCl and the volume made
up to 100 cc.).
-Additions to 
sodium chloride 
solution
N il ..................
50 g. cane sugar 
20 g. cane sugar 
10 g. cane sugar 
5 g. cane sugar 
50 g. glucose 
20 g. glucose 
10 g. glucose 
5 g. glucose 
20 g. glycerol 
10 g. glycerol 
5 g. glycerol 
20 g. ethylene glycol 
10 g. ethylene glycol 
5 g. ethylene glycol 
5 cc. 2.5% algmate 
2 cc. 2.5% alginate 
50 g. urea ,
20 g. urea 
10 g. urea 
5 g. urea
Significance of Symbols 
+ 1
-f- +  1 =  in term ediate
+ + + f
+  +  +  +  J
Appearance of spue
Time in days
4 8 12 25
+  +  +  + +  +  +  +  + 4-4-4-  +  -L 4 4 4 4 4
— + 4-4- 4 4
— + -L4- 4 4
+ +  + +  -b- f 4 4
+  + 4- + 4 4 4
+  + +  + -f 4- 4 4 4 4
+  + +  +  +  + +  +  4- -t- -b -f- -f
+ +  +  + 4 - - K4 4 4 4
+ +  + 4- - f 4  4 4  4  4
+  + +  +  +  + 4 - b 4 4 4 - 4 4 4 - 4
— -f 4- 4  4  4
+  +  + +  +  + 4 4 4 4 4 4 4 4
+  +  + +  +  +  + 4 4 4 4 - 4 4 4 4 4
+  +  +  + +  +  +  +  + 4 4  4  4  4 4 4 4 4 4
+  +  +  + -1- +  +  +  + -|- 4  4  4  4 4 4 4 4 4
-- 4-4- 4 4 4 4 4
+  +  + 4-4-4-4- 4 4 4
+  +  + 4-4-4- 4 4 4 4 4 4
amounts of spue.
— =  no spue 
+  +  +  +  +  == very much spue
Discussion.
These experiments have shown that it should be jiossible to counteract 
the tendency of salts to spue when present in leather by the addition of suitable 
amounts of certain organic compounds. For this purpose cane sugar or glucose 
are probably the most satisfactory, since glycerol and ethylene glycol are more 
expensive and will tend to make the leather rather sticky unless used hi small 
quantities. From a practical standpoint the use of urea is excluded, since 
it attacks the leather to some extent and tends to darken it.
The leathers examined in these experhnents were dried out directly after 
immersion in the salt solutions, and, therefore, contahi a much higher percentage 
of sodiimi chloride and sodium sulphate than is likely to occur in practice, and 
hence have a much greater tendency to spue. The fact, therefore, that in 
many cases spue was not completely prevented does not hidicate that the 
organic substance in question would not prevent spue under normal conditions. 
In practice a 5 % solution of any of the substances under consideration with the 
exception of sodimn algmate would probably be effective in preventmg spue.
Instead of addhig cane sugar or glucose to the salt solution as in the 
vatting process, or in the soUd state as hi the drumming process, it should be 
possible to effect an economy in sugar by sponging the leather with, for 
example, a 5% solution of sugar immediately after the salts treatment, prior 
to dryhig out.
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TABLE IV.
T h e  E f f e c t  o f  O k o a n i c  C o m p o u n d s  o n  t h e  F o r m a t i o n  o f  S a l t  S p u e  o n  
H e a v y  L e a t h e r  a f t e r  T r e a t m e n t  i n  S o d i u m  S u l p h a t e  S o l u t i o n s .
((11 gallic com pounds added to  80 cc. sa tu ra ted  sodium  su lpha te  solution and 
volum e m ade up to  100 cc.).
A ppearance of spue 
Tim e in  days
.Additions to 
sodium  su lphate  
solution 2 4 G 8 10 12
+ + +  + +  +  + 4 4 4 4  4  4  4
— — — — — —
— — — — — —
— — — — 4 4
— — — — 4 4
— — + + 4 4 4 4
— — + + 4 4 4 4 4
— — — + 4 4 4 4
+ + + + 4 4 4 4 4
— — — + 4 4 4
— — + + 4  4 4 4 4
+ +  + +  +  + +  +  +  + 4 4 4 4 4 4  +  •+• +  4
+ + + + 4 4 4  4
+ + +  + +  +  + 4  4  4  4 4 4 4 4 4
+ + +  +  +  + +  +  +  +  + 4 4 4 4 4 4 4 4 4 4
— — — — — —
— -- — — — --
sdiato amoimts of spue
+  4 4 -  +  +
=  no spue.
=  very much spue.
Nil
50 g. cane sugar 
20 g. cane sugar 
10 g. ciuie sugar 
A g. cane sugar ...
50 g. glucose 
20 g. glucose 
10 g. glucose 
5 g. glucose 
20 g. glycerol 
10 g. glycerol
5 g. glycerol 
20 g. ethylene glycol 
10 g. e thylene glycol
6 g. e thylene glycol 
20 cc. 2.5%  alginate 
10 cc. 2.5%  alginate
5 CO. 2.5%  alginate  
2 CC. 2.5%  alginate 
50 g. u rea  
20 g. u rea  
10 g. urea 
5 g. urea 
Significance of Sym bols
+ 1 
+  +  •
+ + +
+ + + +
With regard to the reasons for the effect of cane sugar and other organic 
compounds on the formation of spue, it has been suggested that cane sugar 
and glucose cause the leather to retain moisture so that the salt is held in 
solution and does not crystallise out. It has been shown, however, that 
heavy leather immersed in 50% solutions of cane sugar and glucose and dried 
 ^ at 70°F. and 70% R.H. holds no moie moisture than control leathers which 
have not received this treatment.
Hazelhurst, Martin and Brewer^ suggest that for creep to occur it is 
necessary for both solid and solution to wet the supporting surface, but that 
the solid should preferentially wet this surface. The cane sugar and the other 
organic substance may alter the surface tension between the crystal-solid 
interface or the solution-solid interface, and so decrease the ability of the 
crystals and solution to wet the surface over which the creep takes place. No 
data on this point is available, however.
It was considered possible that some information might be gained by 
measurement of the contact angle between glass and the salt solution, and glass 
and the salt plus sugar solution, this being a measure of the degree to which the 
glass is wetted by these two solutions. The contact angle was so small in both 
cases that measurements were impossible, but it was obvious that the addition 
of sugar to the salt solution had little or no effect on the contact angle.
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The effect of the organic substances may also be due to the fact that these 
tend to form complexes with salts^ which may lead to alteration in the wetting 
properties of the solute in relation to the supjiorting surface.
Summary.
1. The formation of salt spue on leather is related to the ability of a 
saturated solution of the salt in question to exhibit the phenomenon generally 
known as creep.
2. The addition of organic compounds such as cane sugar, glucose, 
glycerol, ethylene glycol and urea, retard or prevent the creep of saturated 
solutions of sodium chloride and sulphate on glass, and of sodium sulphate on 
vegetable and chrome-tamied gelatin films.
3. Sodium sulphate “creeps” less on vegetable and chrome tanned 
gelatin films than on glass.
4. There is a relationship between spue formation on vegetable-tanned 
leather and creep on a vegetable-tanned gelatin film.
5. Sodium chloride has a greater tendency to form a salt spue on 
vegetable-tanned leather than sodium sulphate.
6. Of the organic compounds used cane sugar was the most effective m 
preventing spue formation, while sodium alignate appeared to encourage spue 
formation.
Thanks are due to the Council of the British Leather Manufacturers’ 
Research Association for permission to publish this paper.
British Leather Manufacturers' Research Association,
1/6, Nelson Square, London, S .E .l .
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THE USE OF SALTS IN THE FINISHING OF SOLE BENDS. 
Part III.—  The Effect of Magnesium Sulphate, Cane Sugar and Glucose on 
the Drying of Leather and on the Water Content of Leathers at Different 
Relative Humidities. 
By J. H. Bowes and G. 0 .  Morse.
Various reasons for the use of magnesium sulphate and cane sugar or 
glucose in the treatment of sole bends have already been considered.^* 2. 3,
It is frequently stated that the presence of magnesimn sulphate and sugar, 
especially glucose, in leathers affects the rate of drying, and tends to cause the 
leathers to take up water and to become soft when exposed to moist conditions, 
or alternatively to retain moisture and remain flexible under dry conditions. 
This statement probably originates from the observation that American 
leathers, which generally contain a high percentage of magnesium sulphate 
and glucose compared with English leathers, tend to become soft when 
imported to the more humid atmosphere of this country, while on the other 
hand, English leathers exported to America tend to crack under the dry 
conditions experienced there.
The theoretical explanation of these observations probably lies in the fact 
that the presence of magnesium sulphate, cane sugar or glucose tends to reduce 
the vapour pressure of the moisture in the leather. Under any given con­
ditions, the rate of evaporation from a free surface is directly proportional to 
the difference between the aqueous vapour pressure at the surface of the
343
leather and the partial vapour pressure of water in the surrounding 
atmosphere, i.e. :—
dw
where p^ =effective aqueous vapour pressure at the surface
Pa =pt>'rtial presswe of the aqueous vapour in the surrounding 
atmosphere, 
w — VTight lost in time t.
The constant k is dependent on the velocity of the air flow over the sur­
face, i.e., on the rate of removal of the layer of air, adjacent to the surface, 
which becomes saturated with the evaporating moistui-e.
With a material like leather, other factors affecting the vapour pressure 
at the surface are involved, such as :—
(i) The physical structure of the leather.
(ii) The presence of water physically or chemically combined with the 
protem or tannin, the effective vapour pressure of which will be defi­
nitely lower than that of free water.
(iii) The presence of dissolved solids.
The presence of uncombined tans and non-tans in leather will tend to 
reduce the effective vapour pressure at the surface of the leather and the 
presence of magnesium sulphate, cane sugar and glucose, substances having 
small molecular weights compared with the tannins, would be expected to 
reduce the effective vapour pressure still further. Magnesium sulphate and 
sugars, by reason of their hygroscopic properties, will also tend to cause the 
leather to take up moisture from damp atmospheres.
■ Magnesium sulphate may also have indirect effects on the vapour pressure, 
since it causes precipitation of the tan and tends to remove the water solubles 
from the surface. .
In this investigation experiments have been carried out to determine the 
effect of treatment of the leather in solutions of magnesium sulphate, cane 
sugar and glucose, on the rate of drying, and on the water absorption of the 
leathers at different relative humidities.
I. The Effect of Magnesium Sulphate, Cane Sugar and Glucose on the
Drying of Leather.
(i) E x p e r im e n t a l  M e t h o d .
Two samples of leather, about 2 in. by 3 in., taken from a shoulder range, 
prior to the usual Epsom Salts treatment, were immersed in each of various 
solutions of magnesium sulphate, cane sugar and glucose for 18 hrs.
Thé samples were then removed, rinsed in water, blotted free from sur­
face moisture, weighed and hung up to dry under constant conditions of 
temperature and humidity. The leathers were weighed at intervals during 
drying until they were constant in weight. The moisture contents of the 
leathers were then determined by cutting up about 2 g, of the leather into 
small pieces and drying for 8 hrs. at 100°C in a vacuum oven. I t  was reahsed 
that under these conditions the leathers do not necessarily lose every trace of
344
moisture, especially those containing magnesium sulphate, (Experiment has 
shown that this salt retains the equivalent of two molecules of water when 
dried under these conditions). After this period of drying, however, the 
leathers were approximately constant in weight. From the weights obtained 
and the weights of the samples recorded during drying, the moisture content 
of the leathers at each stage was calculated the values being expressed as 
g. of water per 100 g. oven-dried leather.
(ii) E x p e r im e n t a l  R e s u l t s .
In the first experiment samples of leathers were immersed in the solutions 
listed in Table I and dried at 70°F and 70% R.H. The water contents of the 
leathers during drying are given in Table I, and in Fig. 1 the moisture lost is 
plotted against time. Each value is the mean for two samples ; the values of 
duplicate samples did not differ by more than 10%.
§
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Loss of water from leathers during drying after immersion in solutions 
of magnesium sulphate, cane sugar and glucose (expressed as g. water 
lost per 100 g. dried leather).
I. Untreated.
II . 50% glucose.
I I I .  50% cane sugar.
IV. Saturated magnesium sulphate.
V. Saturated magnesiiun sulphate plus 50% sugar.
VI. Saturated magnesium sulphate plus 50% glucose.
The water content of the samples at the commencement of drying was 
considerably reduced by treatment in all the solutions, especially by those 
containing both magnesium sulphate, and cane sugar or glucose. This 
dehydrating action is probably due to the higher concentration of these solu­
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tions compared with tJiat of the tan solution contained in the spaces of tlie 
leather, with the result that water tends to pass from the leather to the solu­
tion in order to equalise the concentrations. It was found in other experi­
ments that the specific gravity of satiu*ated salt solutions was appreciably 
lowered by the immersion of leather, indicating that water had passed from 
the leather into the solutions. The samples all dried to an approximately 
constant weight in 70 hrs. and the final water contents of the samples were not 
very different ; the sample treated with saturated magnesium sul])hate solu­
tion had a rather higher and the samples treated with cane sugar and glucose a 
rather lower final water content than that of the control. Owing to the much 
lower .initial water content of the treated samples at the commencement of 
drying, the amount of water lost by these during drying was much less than 
that lost by the control.
TABLE I.
W a t e r  C o n t e n t  o p  L e a t h e r s  D u r i n g  D r y i n g .
(g. moisture per 100 g. dried leather).
Time of drying (hours) g. water
Treatment* lost during
0 5 23 28 48 70 drying
W ater 102-9 88-8 ■ 24-7 22-0 19-9 19-7 83-1
Saturated MgSO^ ... 64-9 51-2 33-3 30-9 28-7 26-6 38-3
50% Cane sugar 69 9 49-2 19-7 17-9 15-6 15-6 43-6
60% Glucose ............. 67-5 50-5 22-2 18-9 15-4 15-6 51-2
Saturated Mg.SO* plus 50%
cane sugar 43-3 35-3 24-4 22-9 19-7 19-0 23-7
Saturated MgSO^ plus 60%
glucose ... ... ... 40-1 33-0 24-1 22-6 18-9 19-2 20-3
* Percentages refer to concentration in solution.
In the first stages of drying, water was lost at a more or less steady rate, 
but this was soon followed by a period during which the rate of drying gradually 
diminished. It is during the first stage of drying when the loosely held water 
is being removed, and the rate of evaporation is mainly determined by the 
effective vapour pressure of the moisture in the leather that any effect of 
magnesium sulphate or sugars on the rate of drying should be apparent. In 
the latter stages of drying such factors as the rate of diffusion of the water 
to the surface of the leather, and the extent of the combination of the water 
with the protein and the tan are the governing factors.
A further experiment (Experiment II) was, carried out in which the 
leathers were weighed more frequently during the early stages of drying. In 
this case drying was carried out at 70°E and 60% R.H. In Fig. 2 the water 
lost during the first 8 hrs. expressed as a % of the oven dry leather is plotted 
against time, and the water lost per hr. is given in Table II.
From these results it is obvious that the treatments had a marked effect 
on the rate at which water was lost, as well as on the total amount lost. 
Saturated magnesium sulphate, either alone or in conjunction with sugars 
reduced the rate by approximately half and treatment in cane sugar and 
glucose had rather less effect.
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It may be concluded that the treatment of leathers in magnesium sulphate 
and sugars reduces the rate of drying by reason of the effect of these substances 
on the vapour pressure of the moisture in the leather. The extent of the 
lowering of the vapour pressure of the water in the leather by magnesium 
sul])hate, etc., obviously depends on the amount of these compoimds present. 
An experiment was, therefore carried out using a wider range of solutions so 
that the final concentrations in the leather would be varied. (Experiment III).
§
I
T I M E  i n  HOURS
F ig . 2.
Loss of water from leather during first stages of drying after immersion 
in solutions of magnesium sulphate, cane sugar and glucose (expresssed 
as g. water lost per 100 g. dried leather).
I . U ntreated.
II . 50% glucose.
I I I .  50% cane sugar.
IV. Saturated magnesium sulphate.
V. Saturated magnesium sulphate plus 50% cane 
sugar to glucose.
The leathers were dried at 20°C. and 38 to 45 % R.H. The results obtained 
are given in Table III. The equihbrium water content of the samples treated 
in magnesium sulphate was this time only slightly higher than that of the other 
samples. The lower humidity was probably the reason for the smaller difference.
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TABLE II.
W a t e r  L o s t  p e r  h o u r  d u r i n o  t h e  I n i t i a l  S t a g e s  o f  D r y i n g .
g. water lost 
Treatm ent. per hour.
one ... ... ... ... ... ... ... .1*80
50% cane sugar ... ... ... ... ... ... 2*37
50% giuco.se ... ... ... ... ... ... 2*54
Saturated magnesium sulphate ... ... ... ... 1 * 83
Saturated magnesium sulphate plus 50%  cane sugar ... 1 * 78
Saturated magnesium sulpluite plus 50%  glucose ... 1 *40
All the treatments again caused a decrease in the total amount of water 
lost during drying, but the effects were less marked than before. Treatment 
in lower concentrations of magnesium sulphate and sugars gave substantially 
the same results as treatment in the more concentrated solutions.
TABLE III.
W a t e r  C o n t e n t  o f  L e a t h e r .s  d u r i n g  D r y i n g . 
(g. w ater per 100 g. dried leather).
Treatment*
W ater
0
84 6
Time of drying (hour 
6 22 30
54*2 15*6 13*2
•s)
46
12*7
54
12*8
g. water 
lost during 
drying.
71*7
Tan liquor (100°Bk) 87 9 63*7 17*4 13*5 13*5 13*4 74*5
50% Cane sugar 80 6 54*1 18*2 15*4 12*2 12*6 67*9
20% Cane sugar 81 2 58*3 18*8 14*9 13*6 13*6 67*6
50% Glucose 73*9 53*1 20*2 14*1 11*7 11*9 62*0
20% Gluco.se 77*4 49*7 15*4 12*7 12*8 12*4 65*0
Satm*ated MgSO* 77*3 52*0 19* I 16*1 15*2 15*3 62*0
Saturated MgSO^ 
cane sugar
plus 60%
69*8 50*5 19*1 16*4 14*2 14*4 55*4
Saturated MgSO^ 
cane sugar
plus 20%
70*8 49*0 19*2 16*1 14*7 14*6 56*2
Saturated MgSO^ 
glucose
plus 60%
75*4 54*6 20*2 16*1 13*9 14*0 61*4
Saturated MgSO^ 
glucose
plus 20%
72*2 50*1 20*1 17*6 14*1 . 14*4 57*8
5% M gSO ,t... 79*2 64*6 19*5 15*2 14*2 14*6 64*6
5% MgSO^t plus 
sugar
20% cane
75*9 51*1 17*4 14*2 13*0 13*2 62*7
5% MgSOjt plus 20% glucose 74*7 51*2 20*0 15*2 13* 1 13*1 61*6
* Percentages refer to concentration in solution, 
t  % anliydrous magnesium sulphate in solution.
II. The Effect of Magnesium Sulphate, Cane Sugar and Glucose on the Moisture 
Content of Leathers at Different Relative Humidities.
(i) E x p e r i m e n t a l  M e t h o d .
The absorption of water by the samples of leather treated in the experi­
ments described in the last section was determined at different relative 
humidities.
Samples of leather from the previous experiments were placed in desic­
cators over water (approx. 100% R.H.), saturated sodium chloride solution 
(85% R.H.) and saturated potassium chloride solution (75% R.H.), and the 
pieces removed and weighed at intervals until they were constant in weight. 
Air was drawn very slowly, first through a wash bottle of the solution in 
question and then through the solution in the bottom of the dessicator. In this
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way it was possible to regain the required hum idity rapidly after opening the 
dessicator in order to remove the samples for weighing.
The samples exposed to the atmosphere of 85% R .H . were removed as 
soon as they had reached equilibrium, and placed in a desiccator over water.
Samples o f magnesium sulphate, cane sugar and glucose and m ixtures o f  
these substances in equal parts were also exposed to atmospheres o f 85, 90 and 
100% R .H . in order to determine the relative am ount of moisture taken up 
by these materials. The m ixtures of magnesium sulphate and sugars were 
damped and dried in air before exposure in order to reproduce the conditions 
occurring in dried out leather.
Experimental Results.
(i) T h e  A b s o r p t i o n  o p  W a t e r  b y  L e a t h e r s .
The water contents at different relative hum idities o f the samples from  
both experim ents are given in Table IV.
TABLE IV.
W a t e r  C o n t e n t  o f  L e a t h e r s  a t  D i f f e r e n t  R e l a t i v e  H u m i d i t i e s .
(Expressed as g. water per 100 g. dried leather).
40% 70% 75% 86% 100%
T reatm ent* R .H . R .H . R .H . R .H . R .H .
L ea th e r s  from  E x pe r im e n t  I—
W  ater ... ... ... ... ... — 19 8 — — 2 9 -2
Saturated  MgSO^ — 26 1 — — 60-2
50%  Cane sugar — 15 5 — — 4 1 -9
50%  G lucose ' 15 4 — — 4 5 -6
Saturated  MgSO^ plus 50%  cane sugar — 19 6 — — 4 9 -4
Saturated  MgSO* plus 50%  glucose ... — 19 8 — — 52-9
L ea th e r s from  E x pe r im e n t  I I I —
W ater ... ... .................. 12 8 — 19 6 2 1 -8 34-0$
T an  liquor (100° B k) 13 4 — 21 1 21 • 3- 38 -5
Saturated  MgSO^ 15 3 — 24 8 2 4 -2 5 6 -4
50%  Cane sugar 12 6 — • 19 8 26 7 . 4 4 -7
20%  Cane sugar 13 6 — 2 1 -8 2 1 -4 —
50%  G lucose 11 9 — 20 4 2 6 -0 4 6 -8
20%  G lucose .1 2  4 — 19-6 18-1 41-1
Saturated  MgSO^ p lus 50%  cane sugar 14 4 — 2 2 -5 3 4 -7 5 6-2
Saturated  MgSO* plus 20%  cane sugar 14 6 — 23 6 2 6 -9 5 2 -9
Saturated  MgSO^ p lus 50%  glucose ... 14-0 — 2 2 5 34-6 62-1
Saturated  MgSO^ p lus 20%  glucose ... 14 4 — 2 6 -8 2 7 -8 5 8 -8
5 %  MgSO^t ................................................... 14 6 — 2 2 -0 2 3 -2 5 2 -8
5%  MgSO^t p lus 20%  cane sugar 13 2 — 2 1 -9 2 4 -3 47 5
5 %  M gSO it phis 20%  g lu c o s e .................. 13 1 — 22 2 24-9 4 5 -3
* Percentages refer to concentration in solution, 
t  % anhydrous magnesium sulphate, 
j  Equilibrium not reached. W ater content after 20 days 
exposure.
A t 75% R .H . the samples reached equilibrium in  7 days. The water 
contents of all the samples were of the same order, that o f the controls being 
only very slightly less than that o f the treated samples.
A t 85% R .H . equilibrium was again reached in about 7 days. Immersion 
in the various solutions had a definite effect on the am ount o f water taken up. 
The effect o f immersion in saturated magnesium sulphate and 50% cane sugar 
or glucose was particularly marked ; these samples contained 34% water
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compared with only 2 1 % in the controls. Samples immersed in saturated  
magnesium sulphate and 20% cane sugar or glucose or 50% solutions of the 
sugars alone also had high water contents (26 to 28%), The water contents 
o f tlie remainder of the samples were of the same ord<T as that o f the controls.
A t 100% R .H . the samples treated in Experiment I reached equilibrium  
in 20  days. B y  this tim e the samples which had been immersed in satm ated  
magnesium sulphate and 50% cane sugar or glucose were com pletely saturated  
with m oistm e and drops of wattw wore visible on the surface. The sample 
which had been immersed in satm ated  magnesium sulphate contained the m ost 
m oistm e (60%), the rest o f the treated samples contained between 40 and 50%, 
while the controls contained only 30%.
The leathers from Experim ent III  which had first been exposed at 85%  
R .H . and then transferred to an atmosphere o f a 100% R .H . did not reach 
equilibrium before the experim ent had to be discontinued owing to  the ex ten ­
sive growth o f mould on the samples. The control samples did, however, 
reach equilibrium in this tim e (20 days). The samples treated in satm ated  
m agnesiiun sulphate, either alone or in conjunction w ith 50% cane sugar or 
glucose or 20% glucose, contained between 56 and 62% water. The remainder 
of the treated samples con tamed between 45 and 52% as against 32 to 38% in 
the controls. Reduction o f the concentration o f magnesium sulphate to 10%  
and o f the sugars from 50 to  20% was accompanied by a decrease in the am oim t 
of water taken up, but the decreases were not as large as m ight have been 
expected. The samples which had been immersed in solutions containing 
glucose took up rather more water than samples which had been immersed in 
the corresponding cane sugar solutions.
(ii) T h e  A b s o r p t i o n  o e  W a t e r  b y  M a g n e s i u m  S u l p h a t e , C a n e  S u g a r  a n d
G l u c o s e  a t  D i f f e r e n t  R e l a t i v e  H u m i d i t i e s .
A t 85% R .H . none o f the substances absorbed much water ; magnesium  
sulphate and cane sugar, either together or separately, absorbed 0.3% , glucose 
alone absorbed 5%, and magnesium sulphate and glucose absorbed about 10%. 
A t 90% R .H . the cane sugar and glucose alone took up about 75% o f water 
(see Eig. 3), but the magnesium sulphate alone took up practically none.
I t  is interesting to  note, however, that the m ixtures composed o f 50 g. 
magnesium sulphate and 50 g. cane sugar or glucose not only took up more 
water than 100 g. o f the sugars alone, but took it  up more rapidly. This can 
be explained on the assumption that at 90% relative hum idity magnesium  
sulphate does not take up appreciable quantities o f moisture, but that its 
saturated solution does. The vapour pressure o f m agnesium sulphate 
(Mg80^.7Hg0) at 25.7°C is 12.29 mm, and that o f a saturated magnesium  
sulphate solution a t 20°C is 5.95 mm. (Mellor^). I t  was also confirmed 
experim entally that a saturated solution o f magnesium sulphate took  up con­
siderably more moisture than m agnesium sulphate crystals at the same relative 
hum idity. In  the presence o f .cane sugar or glucose, the magnesium sulphate 
dissolves in the moisture taken up by the more hygroscopic sugar and forms a 
saturated solution, the vapour pressure o f which is lower than that o f the solid 
sidphate.
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The fact that although magnesium sulphate did n ot take up a significant 
am ount of water at 85% R .H ., leathers containing magnesium sulphate took  
up considerably more than the control, can be explained on the same basis. 
Presumably the magnesium sulphate dissolved in the moisture absorbed by the 
leather itse lf and a saturated solution of the salt was formed. For the same 
reason leathers containing sugar as well as magnesium sulphate took up more 
water than leathers containm g similar am ounts of either of these substances 
separately because the sugar, by reason o f its own hygroscopic properties, 
caused more water to be taken up and hence more magnesium sulphate 
dissolved to form a hygroscopic solution,
85% RH. 9 0 %  R.H.
14-
T i n E  trt DAYS
F i g . 3 ,
A bsorption  o f  w ater b y  m agnesium  su lphate, cane sugar and glucose a t  
85 and 90%  R .H , (expressed as g . m oisture  taken  up per 100 g, air dry
m aterial),
I , M agnesium  su lp h ate p lus cane sugar,
I I , M agnesiiun su lphate p lus glucose,
I I I ,  G lucose,
IV , Cane sugar.
V , M agnesium  su lphate,
(iii) T h e  A s h  C o n t e n t  o f  L e a t h e r s  T r e a t e d  w i t h  M a g n e s i u m  S u l p h a t e , 
The ash content o f several o f the treated samples was determined to  
gain some idea o f the am ount of magnesium sulphate taken up, it  being assumed 
that any ash in excess o f that present in the control was magnesium sulphate. 
The values for the sulphated ashes are given in Table V. In  Experim ent I  
the ash content o f the sample treated in magnesium sulphate alone is con­
siderably higher than that o f the other samples. This offers an explanation
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of why this sample took up m ost water in this experim ent and more than the 
corresponding sample in Experim ent III.
In the samples treated in magnesimn sulphate alone, the salt is m ainly 
located in the grain layer while in those treated in magnesium suljihate and 
cane sugar or glucose, the magnesium sulphate is more evenly distributed  
throughout the leather.
TABLE V.
A * It C o n t e n t  OE L e a t h e r s .
(g. siilphatod ash per 100 g. leather).
T reatm ent o f  leather.* Grain Cerium A verage
L e a t h e r  f r o m  E x p e r i m e n t  I — (1.0 m m .)
Saturated  MgSO^ 12 5 8 -2 9-1
Saturated  MgSO« plus 50%  cane sugar 7 0 6-1 6 -3
Saturated  MgSO* plus 50%  g lu co se ... 8 -7 6 -3 6 -7
L e a t h e r  f r o m  E x p e r i m e n t  I I —
(Control .. .  ... . . .  ... — — 1-8
Saturated  MgSO^ 9 -0 2 -8 3 -8
Saturated  MgSO^ p lus 50%  cane sugar 6 0 — 4-1
Saturated  M gSO , p lus 50%  g lu cosej — — 3 -1
5%  MgSO* — — 2 -0
* P ercentages refer to  concentration  in  so lu tion , 
t  G lucose con ten t o f  th is sam ple w as 3.0% .
Conclusions.
The results obtained indicate th a t treatm ent w ith m agnesium sulphate, 
cane sugar or glucose before drying out has certain effects on the properties o f  
the leathers which are m ainly attributable to  the effect o f these substances on 
the vapour pressure o f  the moisture in the leather.
The various treatm ents caused a marked reduction in the rate a t which 
water was removed from the leather in the first stages o f drying. The effect 
o f the different treatm ents on the tim e required to dry to constant weight, 
however, was neghgible, firstly  because the treated samples have less water to  
loose, and secondly because the first rapid drying during which the rate of 
evaporation is m ainly influenced b y  the effective vapour pressure of the water 
in the leather, is soon superseded by a period o f slower drying during which 
such factors as the rate of diffusion o f the moisture to the surface o f the leather 
and the extent to which the water is held by the protein fibres have an appre­
ciable effect.
One o f the chief effects o f treatm ent in magnesium sulphate and sugar 
solutions is to  decrease the am ount o f water held by the leathers at the beginning 
of drying. In  several cases th is reduction was as much as 50% . The apparent 
dehydrating action of the salts and sugar solutions m ay be ascribed to the fact 
that the osm otic concentration o f these solutions is greater than that o f the 
tan solution present in the spaces in the leather, and water, therefore, tends to  
diffuse from the leather into the solution so as to  equalise the two concentra­
tions. AU the leathers dried to  approxim ately the same moisture content, so 
th at any reduction in the initial water content caused a corresponding decrease 
in the am ount of water lost during drying. In  these experim ents the leathers 
were immersed in solutions o f magnesium sulphate and sugars and it  does not
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necessarily follow that drumming w ith the solid compounds will have a similar 
dehydrating action.
The smaller the am ount o f water that is lost during drying the less p oss-  
bility  w ill there be o f water solubles creeping to  the surface and hence treat­
m ent in magnesium sulphate and sugar solutions shoidd decrease the likeli­
hood of the occurrence o f  excess water solubles in the grain by reason o f its  
partial dehydrating action as well as by precipitation o f the tan.
The water contents o f the leathers at high hum idities were also affected  
by the different treatm ents. A t 75% R .H . this effect was just appreciable, 
at 85 and 100% R .H . all the treated samples took up more m oisture than the 
controls.
I t  would appear, therefore, th at the presence o f magnesium sulphate, 
cane sugar or glucose in leather causes it  to  take up more moisture, and hence 
liable to become soft when exposed to high hum idities (greater than 85% R .H .). 
This effect is especially marked when magnesium sulphate and sugar are present 
together ; it  is suggested that water is first absorbed by the sugar, and this 
causes the magnesium sulphate to go into solution, the vapour pressure of which 
is lower than that of the solid. A t low hum idities, however, the presence of 
magnesium sulphate and sugars does not cause the leather to retain moisture. 
The non-crackiness o f American leathers under dry condition is probably n ot  
directly due to the comparatively large am ounts o f magnesium sulphate and 
glucose in these leathers, but to the effect o f the salts and sugar treatm ent on 
the nature and am ount of the water soluble material present in the grain layer. 
The magnesimn sulphate causes precipitation o^the tannins in the leather, thus 
reducing the am ount o f water soluble m aterial o f th is nature in the grain, while 
the dehydrating action o f both the magnesium sulphate and the sugar, by  
reducing the amount o f water lost during drying, will diminish the possibiHty 
of water soluble m aterial creeping to  the surface.
The statem ent th at leathers containing glucose are more liable to  absorb 
moisture and become soft when exposed to m oist conditions than leathers 
containing a corresponding am ount of cane sugar appears to  be only partially  
correct. In these experiments it has been found that at 85% R .H . and below, 
samples treated in cane sugar and glucose behaved similarly. I t  was only at 
100% R .H . that those treated with glucose took up more moisture than the 
corresponding samples treated with cane sugar, and even then the differences 
were slight.
As would be expected, it was foimd th at the moisture uptake of the samples 
was to  a large extent dependent on the am oimt o f magnesium sulphate and 
sugar present in the leather.
I t  was interesting to find that in the samples treated in magnesium sulphate 
alone the salt was m ahily present in the grain layer, while in samples treated in  
solutions o f  magnesimn sulphate and sugar the salt was more evenly distri­
buted throughout the leather. This agrees with the suggestion put forward in 
an earlier p ap er\ nam ely that one function o f the sugar is to prevent the forma­
tion o f clots o f pecipitated tan near the surface o f the leather, thus hindering 
further diffusion o f the salt solution into thé leather. This observation is also
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of interest in connection w ith the formation of sa lt spue. I f  the m agnesium  
sulphate were initially located m ainly in the grain there would be more tendency  
for spue formation than if  an equivalent am ount were distributed throughout 
the leather.
Summary.
1. Immersion in solutions o f magnesium sulphate and sugars has a 
dehydrating action on w et leather, in some cases reducmg the water content 
by as much as 50%. The am ount of water lost in drying to  constant weight 
is thereby reduced, and it is suggested th a t this will reduce the tendency of 
water soluble material to creep to the surface during drying.
2. Treatm ent m salts and sugar solutions also decreases the rate a t which 
water is lost in the initial stages of drying ; this is attributed to the influence of 
these materials on the vapour pressure of the water m the leather.
3. At high hum idities (85% R .H . and higher) the presence o f m agnesium  
sulphate and sugars increases the water absorption o f leathers, but at lower 
hum idities has little effect.
4. In  leathers treated with magnesimn sulphate alone, the salt was mainly 
present in the grain layer, while in samples treated with magnesium sulphate 
and sugars the salt was more evenly distributed throughout the leather. This is 
probably a contributory cause of the prevention o f salt spue by sugars.
Thanks are due to the Council o f the British Leather Manufacturers’ 
Research Association for permission to  publish this paper.
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THE USE OF SALTS IN THE FINISHING OF SOLE BENDS. 
Part IV.— The Effect of Immersion in Solutions of Magnesium Sulphate, Cane 
Sugar and Glucose on Some Physical Properties of the Finished Leather. 
By J. H. Bowes. F. H. Quinn and C. L. Ward.
Various aspects o f the use o f magnesium sulphate and sugars in the 
finishing o f sole bends have been discussed in earlier papers^» 3 has been 
shown that magnesium sulphate precipitates the water soluble material in  
the leather, and that although cane sugar and glucose decrease the- amount 
of precipitate formed, their presence is probably beneficial in  that they  cause 
the precipitate to  be more evenly distributed throughout the leather^, and  
retard the formation of salt spue^. Treatment with magnesium sulphate and 
sugars has also been shown to  decrease the am ount and rate o f water loss during 
dryhig®, thereby reducing the tendency o f water soluble material to  creep to  
the surface during this process. The presence of magnesium sulphate and  
sugars in the leather increases water absorption at high humidities, but does 
not appreciably affect it  a t hum idities below 50% R .H . I t  is suggested that 
the reported effect o f salts and sugars in reducmg the crackiness of leather is  
not directly due to  their presence in  the leather, but to  their effect on the 
am ount, nature and distribution o f the uncombined material present in  the 
leather.
Experim ents have now been carried out on large pieces of leather to  
determine whether the conclusions reached as a result of laboratory experi­
m ents are substantiated in  practice, and to determine the effect o f treatm ent 
with magnesium sulphate and sugars on such physical properties as crackiness 
and flex ib ih ty  which can only be properly studied on leather which has been 
given the normal finishing processes.
Experimental Method.
The tanning, treatm ent with magnesium sulphate and finishing o f the 
samples was carried out at Puritan Tanneries, Ltd.
Pieces o f fore-ends, approxim ately 18 in. X 12 in. and weighing between  
2 and 2^ lbs. were cut from bends taken from the last tan liquors. The fore­
ends were carefully chosen from bends of approximately the same substance and  
area in order to  avoid as far as possible any difference in  physical properties 
due to  variation in the original samples.
The taim age was m ainly catechol, a blend o f eucalyptus, quebracho and 
mimosa w ith  some valonia and m;;^abolam bemg used.
The samples were placed in shallow trays and covered with 4 litres o f  
magnesium sulphate* and sugar solutions o f various concentrations (see 
Table I). The addition of sodium alginate in  the place o f sugar was also 
tried.
* Q uantities are expressed throughout as anhydrous m agnesium  su lphate, (M g 8 0 J .
Ig . MgSO* is approxim ately  eq u iva len t to  2g. E p som  sa lts (MgSO* 7HaO).
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TABLE I.
IM M ERSIO N  OF L E A T H E R  IN  SOLUTION S OF M AGNESIUM  SU LPH A TB AND
S u g a r s  o f  V a r i o u s  C o n c e n t r a t i o n s .
Solutions*
Barkometer 
Before After Colour of Colour of
il ... .. .  ... ...
Use , Use solutions after use finished leathers 
— Dark
5%MgS04 52 55 Brown Fairly light
10%MgSO4 ................................
Sat’d MgSO^ ...
104 106 Light brown Light
242 232 Very liglit brown Fairly light
10% MgSO4- f20% cane sugar ... 102 166 Light brown Light
10% MgSO4- f 20% glucose 145 154 Light brown Light—rather grey
10% MgSO4- f 0 *5% sodium
alginate 86 91 Brown Fairly light
Sat’d MgS0 4 -|-20% cane sugar 295 285 Very light brown Light
Sat’d MgSO4-|-20% glucose 292 285 Light brown Light—rather grey
Sat’d MgSO4+ 0 -5 % sodium
alginate 210 210 Light brown Fairly  light
40% cane s u g a r ................ 150 150 Brown Fairly light
40% glucose 61 76 Dark brown Fairly light
20% cane sugar ... 80 85 Brown R ather dark
20% glucose 32 41 Dark brown Dark
* Quantities are expressed throughout as anhydrous magnesium sulphate MgS0 4 .
Ig. MgS04  is equivalent to approximately 2g. Epsom sg.lt MgSÜ4 YHgO.
After 20 hrs. the samples, were removed, surface rinsed, drained, oiled on 
flesh  and grain, dried, conditioned, set, re-oiled lightly, conditioned, rolled off 
and fm ally stoved for 24 hrs. at 83°F.
The barkometer strength o f the solutions before and after use, the colour 
o f the solutions after use, and the colour of the finished leathers, were recorded 
(Table I). The samples were tested  for crack and flexib ility  after conditioning 
at 35, 70 and 96% R .H . (Table II). Sampling positions are shown in  Fig. 1.
The crackiness was measured b y  the m ethod described b y  Jordan Lloyd  
and Merry^ and the same arbitrary scale for the degree o f crack was used. 
Thus, a value o f 1 means that the grain could n ot be cracked even when the 
leather was bent double on itself, a value o f 2  that the leather did not crack 
round cylinder 0.5 ins. in diameter, but did crack when bent double on itself, 
and so on.
The flexib ility  was determined using an apparatus described by Burton®. 
Pieces o f leather 5 in. b y 2.5 in. were clamped along the two long edges so that 
there is a distance o f 1 in. between the tw o clamps. The upper clamp is fixed  
in  a stand and the lower clamp supports a pendulum of approxim ately 10 lbs. 
weight. The flexib ility  is expressed as the number o f tim es the pendulum  
swings between two fixed  points ; the larger the number o f swings the greater 
is the flexibility .
The water absorption in a saturated atmosphere, Qig,Qg^, the free water, 
the percentage loss on soaking and the apparent density before and after soak­
ing were also measured (Table III). The water solubles in  the grain (1 mm. 
split) and the corium were determined by the Official Method. The samples for 
extraction were cut into sm all pieces in the case of the grain and shaved in  the
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usual w ay in the case of the corium. The ash and sugar content of the water 
solubles were also determined. The water solubles content of the whole 
thickness was calculated from the values obtained for the two layers separately 
and a knowledge of the ratio of the weight of the grain to that of the corium. 
The results are given in Table IV.
SHOULDER.
16  in .
F i g . 1.
F le x ib ility  T ests.
(а) Conditioned a t 35%  R .H .
(б) » ,, 70%  R .H .
(d) „ „ 95%  R .H .
G rain Crack T est.
(e) Conditioned a t  35%  R .H .
( / )  „ „ 70%  R .H .
A nalysis.
(c) C onditioned a t  70%  R .H .
A figure designated “ tannin ” water solubles was also obtained by sub­
tracting the sugar and salts content o f the water solubles from the total water 
solubles. In  calculating the salts content of the water solubles it  was assumed 
that magnesium sulphate was the only salt present, and a correction was made 
for the water retained by this salt under the conditions of drying o f the water 
solubles ; th is corresponded to  approxim ately tw o molecules o f water per 
molecule o f magnesium sulphate.
E xperim ental R esults.
(а)  C o l o u r  o f  S o l u t i o n s .
The colour o f the solutions indicated that little  tan  was dissolved out 
during the treatm ents except when cane sugar or glucose were used alone. As 
would be expected the am ount o f tan  dissolved out decreased with increasing 
concentration o f magnesium sulphate.
(б) A p p e a r a n c e  o f  L e a t h e r s . '
All the treated leathers were a better colour than  the control. Those 
which had been immersed in  solutions o f m agnesium sulphate and sugar were 
light in  colour ; those immersed in magnesium sulphate alone were fairly light 
in  colour, while immersion in either cane sugar or glucose solutions alone pro­
duced a rather less good colour.
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Wlien stored under laboratory conditions no spue was observed on any  
of the leathers even after one year. On drying after exposure to an atm os­
phere o f a 100% R .H . spue could be seen on several o f the samples, notably  
those treated with satm ated magnesium sidpliate plus sodium alginate, 5%  
magnesium sulphate and saturated magnesium sulphate plus 2 0 % glucose. 
The am ount of spue on the remainder o f the samples was negligible.
(c )  F l e x i b i l i t y  T e s t s .
The results o f these tests are given in Table II. The figures recorded are 
the number of swings between two fixed points, the greater the number of 
swings the gi’eater the flexib ility  of the leather. In  sjiite of carefid selection  
of the original fore-end samples there were considerable variations in thickness 
between the samples, which comjilicates the results and renders it difficult to 
draw any definite conclusions. The flexibility  as m easm ed by this method  
appears to  be independent of the treatm ent which the leathers had received, 
and is not appreciably affected by changes in the relative hum idity.
TABLE II.
T h e  E f f e c t  o p  I m m e r s i o n  i n  M a g n e s i u m  S u l p h a t e  a n d  S u g a r  S o l u t i o n s  
ON t h e  C r a c k i n e s s  a n d  F l e x i b i l i t y  o f  t h e  F i n i s h e d  L e a t h e r s .
T reatm ent.
Approximate 
Ttiiekness of
Crack. F lex ib ility .
Samjilca R .H . R .H ., R .H . R .H . R .H
(mm) 70% 30% 90% 70% 35%
4 4. 4 6 3 6 + 15 16 17
3 3, 3 -5 2 5 28 29 28
3 7, 4 0 2 1 19 16 19
4 2, 4 4 3 4 14 13 16
3 8, 4 0 2 1 19 16 19
4 2, 4 3 1 3 12 10 11
4 3, 4 4 2 2 11 11 11
3 6, 3 8 2 2 21 19 23
4 2, 4 4 3 4 14 13 16
4 -7 , 4 -8 3 3 8 7 9
5 -0 , 5 -2 3 4 7 16 8
3 -9 , 4 -2 2 2 13 12 15
4 -0 , 4 -1 3 6 12 14 13
3 -7 , 3 -8 1 1 13 14 15
4 -7 , 4 -0 2 5 7 9 8
4 -0 , 4 -3 2 2 18 17 18
il . . .  . . .  . . .  . . .  . . .
5% MpSO^
10% MgSC)4 . ..  . ..  ...................
Sat’d MgSO^ ... ... .................
10% MpSO^ ...
10% MgSO4-)-20% cane sugar 
10% MpSO4 +  20% glucose 
10% MgSO4 + 0  5% sodium alginate
Sat’d MgS04 ...
Sat’d MgSO4-|-20% cane sugar 
Sat’d MpS0 4 +20%  gluco.se 
S at’d MgSO4 +  0 '5 %  sodium alginate
40% cane sugar 
40% glucose 
20% cane sugar 
20% glucose ...
{d)  G r a i n  C r a c k .
Grain crack is loss influenced by thickness than flexibility, and certam  
general conclusions m ay be drawn from the figm es obtained.
The m ajority of the leathers were only slightly cracky at 70% R .H . and 
it  was, therefore', decided not to test the leathers conditioned at 90% R.H . 
which would tend to  be still less cracky.
A t 70% R .H ., the effect o f immersion in the different solutions was hardly 
appreciable, but at 35% R .H . the effects were more definite. All the treated  
leathers cracked less readily than the control. Immersion in 10% magnesium  
sulphate either with or without the addition of cane sugar or glucose reduced
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the crackiness to a greater extent than immersion in  the corresponding saturated 
solutions. This m ay be due to the presence o f a higher percentage of m ag­
nesium sul%)hate in the grain o f the leathers immersed in the saturated solu­
tions. The water soluble ash in the grain layer of the samples treated in  
saturated solutions was o f the order of 7 % whereas that o f the samples treated  
in the 10% solutions was between 3 and 4%.
Immersion in cane sugar solutions caused no appreciable reduction in 
crackiness, whereas immersion in the corresponding glucose solutions definitely  
decreased the tendency to crack. W hen used in conjunction with magnesium  
sulphate, however, the two sugars behaved similarly.
(e) A p p a r e n t  D e n s i t y .
The values vary from 1.063 to 1.150 before soaking and from 0.829 to
0.949 after soaking. Leathers treated in saturated solutions o f magnesium  
sulphate tend to  have a high value for apparent density before soaking, but 
otherwise there appears to be no relationship between the values obtained and 
the treatm ent of the samples.
( / )  W a t e r  A b s o r p t i o n .
The values o f and Q24 for leather treated in saturated solutions of 
magnesium sulphate, either alone or with the addition o f sugars, tend to be low, 
while those for leathers treated in glucose solutions alone tend to  be high.
N o relationship between the values of free water and the treatm ents which 
the samples received can be traced. The values of the m ajority of the samples 
he between 35 and 39, leathers treated in  40% , glucose and saturated m ag­
nesium  sulphate and cane sugar have high values (43.4 and 43.8) and the 
sample treated in saturated magnesium sulphate alone, a low value (30.2).
The percentage loss on soaking is high for samples treated in saturated  
solutions o f magnesium sulphate w ith the additions o f either cane sugar or 
glucose (27.9 and 23.8 respectively).
{g) W a t e r  C o n t e n t s  o e  t h e  L e a t h e r  a t  D i f f e r e n t  R e l a t i v e  H u m i d i t i e s .
A t all hum idities the samples treated w ith magnesium sulphate had a 
higher water content than that o f the untreated sample ; the higher the  
hum idity the greater being this difference. The water content could not, 
however, be related to the magnesium sulphate and sugar content o f the 
leathers. Samples treated with sugars only tended in m any cases to  have a 
slightly lower water content than that o f corresponding samples treated w ith­
out sugar.
W ater Soluble M aterial.
W ith tw o exceptions, saturated magnesium sulphate and 10% magnesium  
sulphate plus alginate, the treatm ents increased the total water solubles in the 
leather, but caused it  to  be more evenly distributed. In  the control the total 
water solubles in  the grain were approxim ately double that in the corium 
whereas in  the treated samples it  was approxim ately equally distributed
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between the grain and corium. Owing to this more even distribution, the total 
water solubles content o f the grain o f the treated samples was less than that of 
the control in spite o f the fact that the amount present in the full thickness was 
greater.
The “ tannin ” water solubles in the full thickness o f the leather were not 
greatly affected by the treatm ents, except in the case o f saturated magnesium  
sulphate, but again there was a more even distribution between grain and 
corium. So that the am ount in the grain of the treated samples was con­
siderably less than that in the grain o f the control. Since the precipitate 
formed by the addition o f magnesium sulphate to  tan  liquors is largely soluble 
in water it  would not be exjiected that treatm ent of leather in solutions o f this 
salt would greatly decrease the “ taimin ” water solubles as determined by the 
official m ethod.
The salts and sugar contents o f the leathers was increased in  accordance 
with the treatm ents given, exam ination o f the results showing that the increase 
is approxim ately equivalent to  the increase in tota l water solubles.
These results confirm the suggestions put forward in earlier papers^ 
nam ely that saturated magnesium sulphate solution alone does not readily  
penetrate into the leather because it  causes precipitation of the tannin in clots 
which hinder further diffusion, the tannin water soluble material, therefore, 
creeps to  the surface during drying and is precipitated by the magnesium  
sulphate in the grain. In  the presence o f sugar or with less concentrated  
solutions o f magnesium sulphate, however, the salt diffuses throughout the  
leather, the tannin is precipitated in  the corium as weU as the grain and there 
is little  or no migration o f the water soluble material towards the surface during 
drying.
The Relationship Between the Water Solubles Content and the Physical 
Properties of the Leather.
There is no relationship between g, Q24, or free water, and the am ount 
o f water soluble m aterial present, either total, tannin, or the sum o f the m ag­
nesium  sulphate and sugar.
The crackiness o f the leathers at low hum idities shows some relationship  
with the water soluble m aterial content of the grain, especially the “ tannin ” 
water soluble material. Leathers having less than 20%  “ ta n n in ” water 
solubles in the grain have figures for crack of 2  or less, and leathers containing  
a high percentage of tannin water soluble m aterial in  the grain have high  
figures.
Conclusions.
As already pointed out, there are obvious lim itations to  the conclusions 
which can be drawn from this investigation. In  spite o f careful selection o f the  
original samples o f leather the variation in physical properties due to  differ­
ences in the original samples m ust be taken into consideration. In  spite o f 
these difficulties, however, certain conclusions m ay be reached. The m ost 
im portant o f these is that treatm ent in solutions o f magnesium sulphate, cane 
sugar, or glucose tends to  reduce the crackmess o f leather at low  hum idities.
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Glucose was definitely more effective than cane sugar in this respect and treat 
m ent in 10 % magnesium sulphate more effective than treatm ent in a saturated  
solution.
This reduction in crackiness at low hum idities appears to  be associated  
with the effect o f the salts and sugar treatm ent on the distribution of water 
soluble m aterial in the leather. The presence of a large am ount o f water 
soluble material originating from the tan liquor has been found to be associated  
with cracky grain®, probably owing to the fact that it tends to  dry out as a 
continuous brittle film . Immersion in magnesium sulphate and sugar solu­
tions tends to reduce the amoimt o f “tannin” water soluble material in the  
grain layer, b y  precipitating the tannins in the leather, and thus reducing the  
tendency of th is to creep to  the surface during drying. The precipitation of 
the tannin in the form of discrete particles so preventing the formation o f a 
continuous brittle film  o f dried tan is probably a further factor influencing 
crackiness.
I t  m ight be expected that treatm ent in  concentrated sugar and salt 
solutions would tend to increase the water absorption and the percentage loss 
on soaking owing to the high proportion o f magnesium sulphate and sugars, 
which these leathers m ust contain (see Table IV). This, however, is not 
necessarily so ; in fact, leathers treated in saturated solutions o f magnesium  
sulphate tend to  have low values for Q^g, and Qg ,^ and only those leathers 
treated with saturated magnesium sulphate and cane sugar or glucose give 
values higher than the average for percentage loss on soaking. The moisture 
content o f leathers treated w ith magnesium sulphate, however, were higher 
than that o f the control, especially at high humidities.
In  general, therefore, it  m ay be stated that w ith this particular type o f  
rather astringent taimage, treatm ent in magnesium sulphate and cane sugar 
or glucose decreases the tendency o f leathers to crack at low  humidities, and 
increases the absorption o f moisture at high relative hum idities, but in general 
does not appreciably effect the flexibihty, water absorption (Q^g and QgJ, 
fi’ee water or percentage loss on soaking except in  a few isolated instances which 
ajipear to bear no relationship to the concentration o f sugar and salts used.
Summary.
1. Pieces o f fore-end were taken from the last tan  hquors, immersed in  
solutions of magnesium sulphate and sugars and finished as sole leather in the 
normal way.
2. In  aU cases the treatm ents improved the colour o f the leather ; - after 
storage for a year at varying hum idities only those samples treated in saturated  
magnesium sulphate plus 0.5%  sodium alginate or 20%  glucose showed any  
appreciable salt spue.
3. The flexib ility  of the leather was not affected b y  the treatm ents or by  
changes in hum idity between 35 and 95% R .H . A t low  hum idities the treated  
leathers cracked less readily than the control. Treatm ent in  10% magnesium  
sulphate with or without the addition o f sugar reduced crackiness to  a great 
extent than treatm ent in  the corresponding saturated solutions.
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4. There was no obvious relationship between the treatm ents given and 
the values for Q^g, Q24, jiercentage loss on soaking or free water, TJio leathers 
treated with saturated and 1 0 % solutions of magnesium suljihate absorbed 
more water than the control especially at high humidities.
5. All the treatm ents, with the exception of that in saturated magnesium  
sulphate alone, increased the total water solubles but caused a more even  
distribution between the grain and corium. In  contrast treatm ent in saturated  
magnesium sulphate alone did not prevent the accum ulation of water solubles 
in the grain. I t  is suggested tliat the magnesium sulphate does not penetrate 
the leatlier because it causes precipitation o f the tannin in clots which hinder 
fiu'ther diffusion, some o f the water soluble material, therefore creeps towards 
the surface during drying and is only precipitated b y  tlie magnesium sulphate 
when it  reaches the grain.
Thanks are due to  the Council o f the British Leather Manufacturers’ 
Research Association for permission to publish this paper.
British Leather Maniifactarers' Research Association,
1-6, Nelson Square, London, S .E .l.
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A NOTE ON THE CALCULATION OF HIDE 
SUBSTANCE FROM NITROGEN 
DETERMINATIONS.
By J. H. Bowes and B. H. Kenten.
R eprin ted  Jrorn Jou rn al Society  o j  Leather Trades' Chem ists, 1948, 32, 308 ..
A NOTE ON THE CALCULATION OF HIDE SUBSTANCE 
FROM NITROGEN DETERMINATIONS. 
By J. H. Bowes and R. H . Kenten.
In  the course o f investigations on the effect o f liming on collagen, a number 
o f values have been obtained for the tota l nitrogen content o f hmed pelt from  
various sources (see Table I) which indicate that in m any cases the factor 
5.621 used in the calculation o f hide substance, and hence, o f degree o f tannage 
is n ot precisely correct.
The present figures for total nitrogen, with one exception, were determined  
by the m ethod o f Chibnall, Rees and Williams^. These workers recommend 
that heating should be continued for 8 hr s. after the solution has cleared owing 
to  the resistance o f certain peptides to  hydrolysis ; this, however, does not 
appear to  be necessary with collagen (c./. results on hide powder Table I).
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TABLE I.
N i t r o g e n  C o n t e n t s  o f  s o m e  L i m e d  C o l l a g e n s .  
Source of Collagen.
Hide Powder Batch C.IO ... ... ... ... .;.
Hide Powder Batch C.12*... ... ... ... ... ... . .
(dige,9ted until no yellow hue—approx. 2 hrs. after all carbon gone)
Ox-hide Corium—no chemical treatm ent
Oxhide—pit-limed 8 days with 0-06-0-09%  Na^S in liquor ...
Total Nitrogen 
Moisture—and 
ash-free collagen.
18 0
18-0
,,—drum-limed 3 „
Calf-skin—painted and limed
0-03-0-09%  
0-04-0-08%  „
0 -8% NagS in liquor
4 d a y s .........................
„ limed 7 days ...
Sheepskins—painted, washed, limed 7 days
and pickled in HgSO^ and NaCl
18'
18'
18'
18
18
18-
18-
18-0
* Determ ination made by D. Fowler.
Assuming that the nitrogen content o f limed ox-hide collagen is 18.1% , and 
not 17.7 % as is presupposed in the use o f the factor 5.62, the error involved in  
calculating the degree o f taim age varies from 3% when the degree o f tannage 
is 80 to  nearly 2 0 % when the degree o f tannage is 10 (see Table II). W ith  
sheepskins of lower nitrogen content (factor 5.81) the error is larger, and is in  
th e reverse direction (Table II, col. 5).
TABLE II.
C a l c u l a t i o n  o p  D e g r e e  o f  T a n n a g e  u s i n g  a l t e r n a t i v e  f a c t o r s  f o b  
C o n v e r s i o n  o f  N i t r o g e n  t o  H i d e  S u b s t a n c e ,
Leather of very
Heavy Leather Light Leather low degree of
Using Using Using Using Using
Tannage 
Using Using
5-62 5-52* 5-62 6-62* 5-81t 5-62 6-62*
factor factor factor factor factor factor factor
g. per 100 g. air dry leather.
Hide substance -(-Fixed Tan 63 63 70 70 70 77 77
Nitrogen ... 6-23 6-23 8-91 8-91 8-91 12-46 12-46
Hide Substance (calculated 
from nitrogen)... 35-0 34-4 50-0 49-1 51-8 70-0 68-8
Fixed Tan (by difference) 28-0 28-6 20-0 20-9 18-2 7-0 8-2
Degree of Tannage ... 80-0 83-2 40-0 42-6 35-1 10-0 11-9
*Calculated from nitrogen content of limed ox-hide, 18-1% (Table I), 
tCalculated from nitrogen content of limed sheepskin, 17-2% (Table I).
In  the analysis o f heavy leather the error is small, and smce the exact 
nitrogen content o f the original limed pelt cannot be determined, there would  
appear to  be h ttle  object in changing to  a new factor, which though possibly more 
accurate m itself, would not allow o f ready comparison with estabhshed  
figures.
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W ith sheejiskins, the error m ay bo more serious, but again since the 
exact nitrogen content o f the pelt prior to tannage cannot bo determined, the 
advisability o f using a factor corresponding to a lower nitrogen content is 
doubtful.
In  carrying out experim ental work on the fixation  of tanning by hide 
powder or skin, however, it is recommended that the nitrogen content o f the 
original material be determined, and the appropriate factor used for the 
calculation o f hide substance..
Thanks are due to the Council o f the British Leather Manufacturers 
Research Association for permission to publish this note.
British Leather Mamtfacturer s' Research Association,
1-6, Nelson Square, S .E .l.
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THE YELLOWING OF PICKLED SHEEPSKINS. 
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TH E YELLOW ING OF PICKLED SH EEPSK INS.
By J. H . Bowes and G. O. Morse. •
Pickled sheepskins are liable to becom e discoloured, especially when 
stored for long periods. This discolouration which varies from fawn to yellow, 
is found with both imported and domestic pickled skins.
• The examination o f  a number o f  such skins, and comparison o f  the results 
with those obtained with N ew  Zealand pickled skins from a similar source but 
free from discolouration (Table I), suggested that the discolouration might
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be connected either with degradation o f  the collagen as indicated by the higher 
soluble nitrogen o f  the discoloured skins, or with oxidation o f  the grease as 
indicated by the consistently lower iodine value o f  the greases extracted from  
these skins. These values were definitely lower than the average values usually 
obtained with this type o f  skin.
TABLE I.
- S om e  A n a l y ses  o f  N o r m a l  a n d  D is c o l o u r e d  N e w  Z e a l a n d  P ic k l e d
S h e e p s k in s .
Per 100 g. Collagen Analysis o f Grease
Grease % Free Iron
pH o f Soluble Total Sodium (% in fatty acid mg, per
aqueous nitrogen acid chloride Iron extracted Iodine (as oleic 100 g.
extract (g.) (mlN) (g.) (mg.) skin) value acid) grease
Discoloured skins
2 32 0-255 14-28 35-9 0-87 30-9 46-1 15-8 16-4
2 25 0-289 18-02 41-9 — 23-8 33-6 9-4 —
2 12 0-318 14-64 26-2 1-74 11-3 37-5 4-6 —
Skins free from  discolouration
2 40 0-171 13-34 32-3 — 6-1 70-6 10-4 —
2 46 0-185 13-98 24-4 — 1-6 77-8 9-0 —
2 46 0-228 18-21 35-3 — 43-6 55-5 11-6 ' 15-6
In an earlier investigation on the effect o f  storage in the pickled and 
salted condition on the grease, Balfe, Bowes, Innes and Pleass^ concluded that 
there was no evidence that oxidation o f  the grease occurred. Assuming that 
the iodine values o f  skin grease lie between 35 and 50, they found no indica­
tion o f any change during storage and considered it improbable that significant 
oxidation can take place owing to the comparatively small amount o f  un­
saturated fatty acids in the grease. However, the iodine values o f  the normal 
skins (Table 1) and o f  other freshly pickled sheepskins indicate that the iodine 
value o f  the grease in fresh sheepskins must be o f  the order o f  58 to 70, or even 
higher in some cases. Koppenhoefer^ has obtained similar values (68.6, 64.4 
and 57.5) for the corium grease o f  sheepskins. The findings o f  Balfe, et al, do 
not, therefore exclude the possibility o f  oxidation o f  the grease under certain 
circumstances.
In connection with degradation o f  the collagen, Pleass® has observed that 
pelt pickled in high concentration o f  acid and stored at 37°C tends to go brown 
and mushy ; this is probably an extreme case o f  the yellowing o f  pickled 
sheepskins in practice. There is som e indication in the figures given in Table I, 
that the discoloured pelts may have been pickled in higher concentrations o f  
acid than the normal pelts.
In the present investigation, experiments have been carried out under 
controlled conditions to determine whether oxidation o f  the grease and 
degradation o f  the collagen are in fact the causes o f  yellowing, and to determine 
the conditions o f  pickling and storage which are likely to produce the changes 
leading to yellowing.
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Experimental Method and Results. '
The experiments covered the storage at different temperatures o f  skins 
which had undergone various pretreatments. These included pickling in 
different concentrations o f  acid, the addition o f substances likely to retard or 
accelerate the oxidation o f  the grease, and the removal o f  the natural grease 
before pickling. All pickling was carried out in liquors containing sulphuric acid 
and sodium chloride. After pickling the samples were wrapped in oiled silk 
to prevent drying and stored in stoppered bottles at temperatures o f  0 °, 20 °, 
30° and 37°C for 6 months. The grease was then extracted from the samples 
with acetone in a Soxhlet extractor. The grease was separated from the 
aqueous acetone with petroleum ether and the final extract dried over 
calcium  chloride, evaporated and then dried for 1 hour at 100°C. The per­
centage grease, the iodine value and the free fatty acid content were recorded. 
The oxidised fatty acids were not determined, since in a previous investigation^ 
it was found that the values obtained were small and tended to vary with the 
unsaponifiable matter, due it was considered, to som e o f  the fatty acids o f  the 
sterol ester greases being returned as oxidised fatty acids by the analytical 
method generally used. The total and soluble nitrogen o f  the skin were also 
determined.. For the determination o f  the soluble nitrogen about 10 g. o f  
air-dried skin were taken and extracted with 500 ml. o f  O.In NaHCOg solution  
for 24 hr. with intermittent shaking. 100 ml. o f  this extract were taken for the 
nitrogen determination by the usual Kjeldahl method. The pH  values o f  the 
aqueous extracts o f  the pelts were determined when the size o f  the sample 
permitted.
(i) T he  E ffect  o f  V a r ia t io n s  in  P ic k l in g  a n d  S to r a g e  o n  th e  C o n d it io n  
OF THE P ic k l e d  S k in s .
The first experiment was designed to determine the effect o f  various 
conditions o f  pickling and storage on the oxidation o f  the grease and degrada­
tion o f  the collagen. Since there is a possibility that the com position o f  the 
grease in sheepskins may vary according to the position o f  the skin* and the 
pretreatment o f  the skin, it was considered advisable to degrease the samples 
and to replace the natural grease with a grease o f  known and constant com posi­
tion so that a large number o f  comparable samples could be obtained. For 
this purpose samples o f  hmed sheepskin were delimed in ammonium  chloride, 
washed and degreased in several changes o f  acetone. The grease content 
o f the samples after this treatment was less than 4%. A  mixture o f  equal 
proportions o f tallow and neatsfoot oil, dissolved in carbon tetrachloride, was 
added evenly to the flesh surface o f  the samples. Several additions were made 
the solvent being allowed to evaporate off between each, until the grease con­
tent o f  the samples approximated to 25 % on the dry weight o f  the skin. The 
samples were then pickled as indicated in Table II and stored at different 
temperatures for 6 months.
The chief factor affecting the colour o f  the samples, which varied from  
cream to dirty brown, was the temperature o f  storage, the higher the tempera-
* See Appendix
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tu  re, ihe greater being the discolouration. The concentration o f  the acid in 
the pickle liquor affected the colour and condition o f  the samples to a lesser 
extent. Only those samples pickled with 1 % sulphuric and stored at 0°C were 
unaltered in colour, and the samples stored at 37°C had definitely deteriorated 
and were soft, flabby and brown.
The pH values o f  the aqueous extract increased during storage, especially 
at high temperatures. For som e reason the pH values o f  the samples pickled  
in the straight pickle liquor and stored at 20° were particularly high. The 
iodine values and the free fatty acid contents o f  the greases extracted from  
these samples were also anomalous. There was no corresponding increase in 
the amount o f  soluble nitrogen and it is possible that these samples were infected 
by som e type o f  mould.
The soluble nitrogen expressed as a percentage o f  the total nitrogen in­
creased with the temperature o f  storage in each series. The increase up to 
20° was small, but at 37° the soluble nitrogen had increased up to 50 % or more 
o f  the total nitrogen. In general, the values were higher in the series pickled 
in the high concentration o f  acid, especially when stored at 37°C.
The figures suggest that at the higher temperatures the presence o f  iron 
increases the formation o f  soluble nitrogen, while the presence o f  pyrogallol 
tends to retard its formation.
Both the colour o f  the extracted greases and their iodine values indicate 
that som e oxidation o f  the grease occurred in the samples pickled in the straight 
pickle liquor and stored at 20° or 37°C. The concentration o f  the acid and the 
presence o f  ferric iron appeared to have no appreciable effect on the extent o f  
this oxidation. Since the samples stored at 20° were apparently anomalous 
for som e reason, there are insufficient results to enable any definite conclusion  
to be reached on this point. The iodine values o f  the greases were influenced 
by the presence o f the pyrogallol but as there were no alterations in the values 
during storage, it may be inferred that pyrogallol inhibited any oxidation.
The free fatty acid content o f the grease increased during storage in m ost 
cases. The increase was small in the samples stored at 0°, but at 20° and 37°C  
the increase was 50% or more in several instances. There is som e indication  
that the presence o f  pyrogallol retarded the formation o f  free fatty acid.
(ii) T he  E ffect  o f  T e m p e r a t u r e  of S to r a g e  o n  th e  O x id a t io n  o f  G rease .
In a second experiment the effect o f  temperature o f  storage on the natural 
grease o f  the skin was considered. In this case, in order to minimise varia­
tions in the initial com position o f  the grease, due to the location in the skin, 
small samples only were used, all taken from an area 6 in. by 8 in., symmetrically 
placed with respect to the backbone and 3 in. from the tail.
The results (Table III) suggest that the natural grease in the skin is less 
readily affected by conditions o f  storage than the grease mixture used in the 
earlier experiments. After 6 m onths’ storage only the samples stored at 0° 
and 20° were still a good colour, while those stored at 30° and 37° were definitely 
discoloured.
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With the exception o f  the sample stored at 37°C the iodine value o f  the 
extracted grease was hardly affected by storage. The grease extracted from  
this sample was also darker in colour than the other greases. The free fatty 
acid content o f  the grease was unaffected by storage at low  temperatures, but 
at 30° and 37° there was som e increase.
TABLE III.
T h e  E f f e c t  o f  T e m p e r a t u r e  o f  St o r a g e  o n  t h e  I o d in e  V a l u e  a n d  F ree  F a t t y  
A c id  C o n t e n t  o f  t h e  G r ea se .
Conditions o f Storage Colour o f Pelt
Grease
% of
degreased Iodine
Free fatty 
acid as 
% oleic Colour
pelt value acid o f Grease
Immediately after pickling Normal 28 7 58 0 9 8 Light yellow
Stored at 0° ................ Normal 21 5 60 0 7 7 Light yellow
20° ... Slightly yellow 18 3 58 8 8 9 Yellow
30° ................. Light yellow 22 4 59-8 1 1 0 Yellow
37° ................ Yellow 26 8 5 2 0 1 5 7 Dark brown
Addition o f  Antioxidants to Pickle Solution 
Immediately after pickling Normal 68 5 19 6 Light yellow
No addition
Stored at 0° ................. Normal _ 73 5 18 3 Light brown
20° ................ Slightly pink — 78 0 12-0 Brown
■ 30° ... Light brown — 80 0 21 8 Yellow
37° ... • ... Brown — 73 2 18 2 Dark brown
0 1 Cresol
Stored at 0° ................ Slightly yellow — 88 7 1 7 6 Light brown
20° ................ Slightly pink — 76 4 21 8 Brown
30° ................. Light brown 79 8 10 6 Light brown
37° ................. Brown — 74 6 19 1 Dark brown
0 1% p-nitrophenol 
Stored at 0° ................ Normal 73 0 27 9 Dark brown
20° ................ Pinkish Brown — 74-2 12 8 Dark brown
30° ................ Brown — 65 1 32 4 Light yellow
37° ................ Brown ■■ 72-7 30 2 Dark brown
Initial pH o f  aqueous extract o f  pelt, 2-18. Sodium chloride content, 
34 5 g. per 100 g. collagen.
The effect o f  the addition to the pickle liquor o f  substances which have been 
found to prevent the oxidation o f  the grease^ was also investigated. A  pre­
liminary experiment was carried out in which 1 % o f  each o f  the following  
pyrogallol, hydroquinone, )S-napthol, a-napthylam ine, /^-nitrophenol and a 
mixture o f  o-, m -  and p-cresols, were added to samples o f  the grease used in 
the first experiment. The samples were placed in an incubator at 30°C. After 
two weeks the samples to which additions had been made were all darker in 
colour than the control, due to the oxidation o f  the substances themselves, and 
only /7-nitrophenol and the mixture o f  the cresols, which only caused slight 
darkening, were considered to be worth a further trial Accordingly, 0.1%  
o f  these two substances were added to pickle liquors in this experiment. There 
was again no evidence that the iodine value or the free fatty acid content o f  
the grease was affected by the conditions o f  storage. (Table III).
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( i ii )  T h e  E f f e c t  o f  C o n c e n t r a t io n  o f  A c id  i n  t h e  P ic k l e  o n  t h e  D e g r a d a ­
t io n  o f  t h e  C o l l a g e n  d u r i n g  S t o r a g e .
In a third experiment the natural grease was removed from the skin before 
pickling so that any yellowing due to oxidation o f  the grease was avoided and 
the effect o f  degradation o f  the collagen could be determined. The samples 
were then pickled in liquors containing varying amounts o f sulphuric acid 
(Table IV).
TABLE IV.
T h e  E f f e c t  o f  t h e  C o n c e n t r a t i o n  o f  A c i d  i n  t h e  P i c k l e  a n d  t h e  T e m p e r a t u r e  
O N  TH E D e g r a d a t i o n  o f  t h e  C o l l a g e n .
Soluble
Nitrogen
Total
Nitrogen
Water
Soluble
Conditions o f Pickling Colour o f  Skin (% air-dry (% air-dry Nitrogen
• and Storage skin) skin) (% Total NO
0 45 per cent. H iSO i
Stored at 0 ° C ............... Normal 0 20 11-94 1-64
2 0 ° C ............... Slightly yellow 0 63 10-68 5-90
3 0 ^ 0 ........... Yellow 1 85 11-12 16-64
0.89 per cent. H^SOi
Stored at 0 ° C ............... Normal 0 28 7-02 3-99
2 0 ° C ............... Slightly yellow 0 60 10-62 5-67
3 0 ° C ............... Yellow 1 86 11-32 16-41
1 43 per cent. H^SOi
Stored at 0° ............... Normal 0 2 2 10-00 2-24
20° ............... Yellow 0 69 10-14 6-77
3 0 ° C ............... . Deep yellow 2-32 10-84 21-40
1 • 86 per cent H^SOi
Stored at 0°C ... Slight yellow 0 22 7-72 2-91
2 0 ° C ............... Deep yellow 0 64 10-62 6-07
3 0 ° C ............... Deep yellow 2-09 10-50 0 19-91
Acid concentrations are expressed as a percentage o f the pickle liquor after use.
Concentration o f sodium chloride in the liquor = 1 6  per cent.
The colour o f  the skins was again mainly influenced by the temperature o f  
storage and to a lesser extent by the concentration o f  acid in the pickle liquor. 
The soluble nitrogen also increased with temperature o f  storage but was not 
appreciably affected by the acid concentration. The colour o f  the sodium  
carbonate extracts o f the discoloured pelts were correspondingly dark in colour 
and it is possible that the extracted substance which causes this colour is also 
responsible for the discolouration o f  the skin.
Conclusions. .
The results as a whole indicate that the yellowing o f  pickled sheepskins 
is chiefly connected with the production o f  soluble nitrogen, i.e., with degrada­
tion o f  the collagen, for both the soluble nitrogen and the yellowing o f  the skin 
are increased by the same conditions o f  pickliiig and storage. The first experi­
ment suggested that oxidation o f  the grease was also connected with the dis­
colouration, but subsequent experiments showed that oxidation o f  the natural 
grease does not readily take place during storage and further that degreased
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skins yellowed as readily as undegreased skins. Hence, degradation of the 
collagen is probably the chief, if not the only, cause of yellowing.
It would appear, therefore, that yellowing is an indication that some 
deterioration of the skin has taken place and must be regarded as undesirable 
in all circumstances and not only when the skins are to be tanned for white 
leather.
Consideration of the results in Table I (normal skins) and Table V in 
Appendix A indicate that the greases extracted from New Zealand pickled 
sheepskins have rather higher iodine values (60 to 70) than the greases extracted 
from Welsh sheepskins (50 to 60) and hence might be more readily oxidised. 
This is the probable explanation of the low iodine values obtained in the first 
instance (Table I), oxidation of the grease having taken place either before 
pickling or during storage.
With regard to the conditions of pickling and storage which influence 
yellowing, the temperature o f storage, and to a lesser extent the concentration 
of the acid in the pickle liquor, were found to be the most important factors. 
The results indicate that in order to minimise the chances of yellowing, pickled 
skins should be stored at as low a temperature as possible. In practice, how­
ever, the extent of yellowing and the increase in the soluble nitrogen is not very 
great unless the temperature of storage is 30°C or higher. The final con­
centration of acid in the pickle, while being high enough to avoid any possi­
bility o f mould growth or putrefaction, should not exceed about 1.5%. At 
higher concentrations there is a danger that the degradation o f the collagen 
may be increased to an undesirable extent, especially if the temperature of 
storage is likely to be high.
TABLE V.
I o d in e  V a l u e s  a n d  F ree  F a t t y  A c id  C o n t e n t s  o f  G reases  E x t r a c t e d  
FROM W e l s h  a n d  N e w  Z e a l a n d  P ic k l e d  S h e e p s k in s .
Sampling Grease Free fatty acid
Position (%  o f degreased Iodine value in grease
(Fig. 1) skin) (as % oleic acid)
Freshly p ickled Welsh sheepskin
1 1 1 9  6 0  1 —
3 19 6  58 2 —
5 28  7 58 1 —
6  1 1 0  58 2  9  8
Pickled Welsh sheepskin, stored  1 year—yello\y
1 25  1 54  8  23 4
3 1 1 8  54"1 2 6  3
5 2 2  0  54  9  18 5
New Zealand pickled sheepskin
1 3 2 -7  71 5 —
2  2 5 -7  62-9 —
3 2 6 -7  6 4 -5  —
4  1 6 -0  72  6  —
5 53-8 53-5 —
6  3 1 -6  67  0
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Appendix A .
Variations in Com position o f  the Grease in D ifferent Skins and 
D ifferent P arts o f  the Skin.
In view of the fact that the variation in the composition of the grease from 
skin to skin and in different areas of the skin is often a subject of speculation, 
it was considered that some further results obtained in the course of this work 
might be of interest and were worth putting on record (Fig. 1 and Table V).
F ig . 1.
Location o f  samples taken for analysis o f  grease.
There was no variation in the iodine value o f greases extracted from various 
parts o f the Welsh skins, but a fairly wide variation in the case of the New  
Zealand pickled skin. The iodine value o f the grease extracted from this and 
other New Zealand skins (see Table I—normal) are definitely higher than that 
of the Welsh skins, and other skins examined from time to time also conform  
to this finding.
Summary.
The examination of a number of pickled sheepskins which had become 
yellow during storage suggested that this discolouration was due either to 
oxidation of the grease or to degradation of the collagen.
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The effect o f various conditions of pickling and storage on the colour of 
the skins, the composition of the grease and the degree of degradation of the 
collagen has, therefore been studied.
The results indicate that yellowing is mainly due to degradation of the 
collagen, although oxidation of the grease may be a contributory cause in some 
cases. Storage at high temperatures was found to be the chief cause of degra­
dation of the collagen and discolouration of the skins and it is suggested that 
during storage the temperature should not exceed 30°C (86’F). High concen­
trations of acid in the pickle also tend to increase the degradation of the collagen. 
There was no evidence that the natural grease of the skin was oxidised to any 
appreciable extent during storage.
Thanks are due to the Council o f the British Leather Manufacturers’ 
Research Association for permission to publish this paper.
British Leather Manufacturers' Research Associariun,
Milton Park,
Egham, Surrey.
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C o l l a g e n .
T h e  electron microscope has been used by C. E. Hall, M. A, Jakus, and
F. 0 . Schmitt to obtain further information on the molecular structure of 
collagen.^ Collagen fibres obtained from a number of sources have been 
examined ; these appear characteristically cross-striated with alternate 
opaque and. transparent bands extending uniformly across the fibre. 
The average distance between these bands varies from 902 to 522 a . ,  
although the variations in any smgle preparation are more restricted. 
The authors consider that these striations arise as a consequence of the 
structure and arrangement of the collagen molecules in the fibre and are 
related to the same cause as the long-chain X-ray spacing in collagen.
B. S. Bear,2 working in the same laboratories, has recently reported this 
distance to be of the order of 640 A. It seems possible that these distances 
represent the length of the collagen molecule in the fibre.
The titration curves of collagen, hair, and silk fibroin have been deter­
mined by E. B. Theis and T. F. Jacoby,® using a new technique introduced 
by G. D. McLaughlin and B. S. Adams.^ After exposure to solutions of 
varying pH values, the excess of acid or aUcah is removed from the protein 
by pressure (7000 lb. per sq. in.) and the remaming combined acid or 
alkali determined directly by iodide-iodate-thiosulphate titration® ; a 
correction is made for any hydrogen or hydroxyl ions remaining in the 
moisture stiU held by the protein after pressing. The titration curves 
are of the same general shape as those determined by other methods and 
are in accordance with the basic and acidic amino-acid content of the 
proteins. Definite maximum combining values are obtained at pH values 
of 1 and 13 corresponding with the fixation of 0 87 mühequivalent of acid 
and 0 43 mühequivalent of base respectively per 100 g. of coUagen. The 
value for the maximum base-binding capacity is lower than that obtained 
by most workers® and is more in accord with the present analytical data
I
 ^J . A m er. Chem. Soc., 1942 , 64 , 1 2 3 4 ;  A .,  1942 , I ,  297 .
^ Ib id ., 7 2 7 ;  A .,  1942 , I ,  231 .
® J .  A m er. Leather Chem. A ssoc., 1941 , 36 , 545  ; B .,  1942 , I I ,  39 .
‘ Ib id ., 1940 , 35 , 4 4  ; B .,  1940 , 383 .
® E .  R .  T h e is  a n d  T . F . J a c o b y , ib id ., 1941 , 3 6 , 2 6 0  ; B . ,  1 9 41 , I I ,  362 .
® C. L . A . S c h m id t, “ T h e  C h em istry  o f  th e  A m in o  A c id s  a n d  P r o te in s ,” 1938, 
p . 343 .
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regarding the dicarhoxylic acid content of collagen. In agreement with 
previous work, Theis and Jacoby find that the broad isoelectric zone 
is reduced by the addition of neutral salts.’ In presence of salts the 
titration curves rise more steeply but the maximum amounts of acid and 
base combined are not a fleeted. Recently J. Steinhardt and M. Harris® 
have put forward a new interpretation of this effect. They consider that 
the dependence of acid bound on the anion concentration, and of base 
bound on the cation concentration, can be explained on the assumption 
that anion and cation are also fixed stoicheiomotrically by the protein. 
Wide differences in the shape of the titration curves obtained with 
different acids are ascribed to variations in the affmity of the anion of 
the acid for wool.® The extension of this work to collagen would be of 
interest since it offers a possible explanation of the effect of different 
salts in the tanning processes.
The glycine and proline content of gelatm determmed by a new method 
has been found to be 26-0—27 0 and 17 1— 17-8% respectively.^® This 
method is based on the measurement of the extent to which the ammo- 
acid present in the protein hydrolysate suppresses the solubility of one 
of its pure salts. Its application to protein analysis in general has 
recently been reviewed.^^
The carbohydrate content of hide, bone, and tendon collagen has been 
deternihied by colorimetric methods and found to be equivalent to 
0-029 millimol. of hexose sugar per gram of dry collagen.^®
P r e s e r v a t i o n  o f  H i d e s  a n d  S k i n s .
Several papers have appeared dealing with the curing and storage of 
hides and skins. R. W. Frey and L. S. Stuart^® have found that well 
cured calf skms can be stored at low temperatures (2—3° 0.) for 5 years 
without any significant deterioration in the chemical or physical proper­
ties. Immersion in brine solution prior to salting is reported to produce 
a leather with a stronger grain and better fibre, structure, and the addition 
of zinc chloride or sodium hypochlorite to the brine to improve the 
quahty of the le a th e r E x p e r im e n ts  with Frigorifico hides, however, 
indicate that brinmg before salting is of no advantage. The addition of 
1% of sodium sihcofiuoride to the brine retarded deterioration when the
’ D . J o r d a n  L lo y d  a n d  A . S h o re , “ C h em istry  o f  th e  P r o te in s ,”  1938 , p . 3 29 . 
J .  B . S p ea k m a n  a p d  H . C. H ir s t ,  Trans. Faraday Soc., 19 33 , 29 , 148 ; A .,  1933 , 227 . 
W . R . A tk in , Stiasnyfestschrift, 1937 , 13 ; B . ,  1938 , 303 .
8  J. Res.Nat. Bur. Stand., 1940, 24 , 335 , 51 9  ; B .,  1940 , 6 6 0 ; 1941 , I I ,  77 .
8  J .  S te in h a r d t, C. H . F u g it t ,  a n d  M. H a rr is , ibid., 1941 , 2 6 , 293  ; B .,  1941 , I I ,  3 3 8 . 
J .  S te in h a r d t, ibid., 1942, 2 8 , 191, 201 ; A ., 1 9 4 2 ,1, 238 .
M. B o rg m a n n  a n d  W . H . S te in , J. Biol. Chem., 1 9 3 9 ,1 2 8 , 217  ; A .,  1939 , I I ,  2 36 .
S . M oore, W . H . S te in , a n d  M . B er g m a n n , Chem. Rev., 1942 , 30 , 4 23 .
^ 8  J .  B e e k , ju n ., J. Amer. Leather Chem. Assoc., 1941 , 36 , 69 6  ; B . ,  1942 , I I ,  2 0 6 .
“  Ibid., 65 0  ; B .,  1942 , I I ,  125.
M . D e m p s e y , M . E .  R o b e r tso n , A . E . C au n ce , a n d  W . R .  G a y th w a ite ,  J. Soc. 
Leather Trades' Chem., 1942, 26 , 1 ; B .,  1942 , I I ,  173.
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hides were stored at 36°.^ ® G. L. Somer’^® has shown that the volatile 
nitrogen present in the hide before tanning can be used as an index of 
potential leather yields. A volatile nitrogen content greater than 3% 
indicates poor curing.
L i m i n g .
The liming process continues to receive attention and a number of 
papers dealing with the effect of the addition of various compounds on 
the properties of hme liquors have appeared. E. E,. Theis and R. 0 .  
Ricker^’ have measured the effect of the addition of a number of sub­
stances known to facihtate unhairing, viz,, sodium sulphide, arsenic 
sulphide, sodium and calcium hydrosulphides, sodium sulphite, sodium 
cyanide, and arsenic oxide, on the pH and soluble calcium of lime hquors. 
The use of calcium hydrosulphide has received some pubhcity in the 
United States^® and the unhairing action of Hme Hquors to which increasing 
amounts of this compound were added has been examined by E. R. Theis 
and W. A. Blum.^® The rate of unhairing increased with the concentra­
tion until the resulting decrease in the sohibiHty of the Hme caused the pH  
to faU below 12 0. The use of methylamines in Hming, also first initiated 
in the United S t a t e s , h a s  recently been mvestigated in this country. 
In the Hming of calf skins, dimethylamine was found to give more fine 
spHtting and a more compact fibre weave than sodium s u l p h i d e . I n  the 
Hming of goatskins and the feHmongering of sheepsldns, methylamines 
also caused more spHtting up of the fibres and were found to produce a 
particularly fine g r a i n . T h e  rate of unhairing decreased in the foUowing 
order : sodium sulphide >  monomethylamhie >  dimethylamine >  tri- 
methylamine >  Hme alone. The unhairing action of such a variety of 
substances, while at first sight confusing, is m agreement with the known 
chemistry of the disulphide Hnkhig, the scission of which is necessarily a 
preHminary to loosening of the hair. The disulphide linking is hydrolysed 
in alkaline solution, the extent of the hydrolysis increasing with pH : 
R-S-S-R +  HgO ->  R S OH +  R-SH. Further reactions, however, may 
take place leading to the formation of other cross-Hnldngs between 
adjacent polypeptide chains and consequent increased stabüity of the 
keratin structure.
L . M . W h itm o r e , Gr. V . D o w n in g , a n d  S . S . S h errard , J .  Amer. Leather Chem. 
Assoc., 1942 , 37 , 41  ; B .,  1942 , I I ,  2 06 .
Ibid., 34  ; B .,  1942 , I I ,  206 .
"  Ibid., 1940 , 35, 663  ; B .,  1942 , I I ,  2 4 5 . Ibid., 1941 , 36, 201  ; B .,  1941 , I I ,  2 42 .
J .  A . W ilso n , Shoe and Leather Rep., 1941 , 2 2 3 , 12 ; B .,  1942 , I I ,  38 .
J . Amer. Leather Chem. Assoc., 1942 , 37 , 93 ; B .,  1942 , I I ,  245 .
G . D . M cL a u g h lin  a n d  F . O ’F la h e r ty , ibid., 1927 , 22, 323  ; B .,  1927 , 9 7 2 . G . D .  
M cL a u g h lin , ibid., 3 43  ; B .,  1927 , 972 . G . D .  M cL a u g h h n , J .  H . H ig h b erg er , a n d  
E . K . M oore, ibid., 1928 , 23, 3 1 8  ; B .,  1928, 681 . E . K . M oore, J .  S .  H ig h b erg er , 
a n d  F . O ’F la h e r ty , ibid., 1932 , 27, 2 ; B . ,  1932 , 2 73 .
G . O. C onabere a n d  E . W . M erry , J. Soc. Leather Trades' Chem., 1942 , 26, 99  ; B .,  
1942 , I I ,  2 69 .
J .  H . B o w e s  a n d  W . B .  P le a s s , ibid., 140 ; B .,  1942 , H ,  350 .
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The formation of cross-hnkings by the following mechanisms has been 
suggested at various times ;
(1 ) R  S O H  - f  R '  N H z ->  R-S-N H -R '.® *
(2 ) R  S O H  H.,S -|- R-CHO®'* (a t  h ig h  p H  v a lu e s ) .
R -C H Ô  +  R ' N H , ->  R -C H :N  R'.*5
(3 ) R  C H j S O H ->  S +  R  C H ,'O IH «
R  CHg O H  +  R  -S H  -4. R-CH a-S C H g-R ' +  H 3 O .”
The possibility of -C-S-C- linking was first suggested by J. B. Speakman 
and C. S. Whewell^® and confirmatory evidence for its existence has now been 
obtained by M. J. Horn, D. B. Jones, and S. J. Riiigel,^® who report the 
isolation of lanthionine, 8 [GH2-CH(NHg) COgHjg, by acid hydrolysis of 
wool which had been boiled for an hour with 2 % sodium carbonate
solution. A review of the present position with regard to the chemistry
of the disulphide linking is given by J. L. S tove s , t oge th er  with further 
evidence for the -C-S-C- Hnking.
The possibilities of the re-formation of cross-linkings as outlined above 
hidicates that alkalme solutions alone will not readily unhair and offers an 
explanation of the difficulty encountered in unliairmg hides which have 
been previously soaked in alkaline solutions.®® Substances which can 
react with the sulphenic acid groupmg and so prevent the re-formation 
of cross-linlcings will facihtate unhaii-mg, and the action of a number of 
such substances has been postulated as follows ;
R -S -O H  -|- N a .S  ->• R -S “N a +  o th e r  s u lp h u r -c o n ta in in g  co m p o u n d s , c h ie fly  
th iosulphate.® ^
R -S -O H  -f- N aH S O g ->  R-S-SO,-Na+.®®
R -S -O H  - f  N a C N  ->  R -S -N a +  -+- R -S  C N ."
R -S -O H  -f- N H jM e  ->  R -S -N H M e [b y  a n a lo g y  w ith  (1 )] .
R -C H O  - f  N H »M e R-CH:NM e.®*
The addition of a number of these substances has been shown to 
increase the pH of the lime solution^’-®® and hence will tend to increase 
the swelling of the collagen. When only small additions are made and the 
alkali-binding power of the collagen is taken into account, however, it is 
probable that the final pH of such Hquors will not be very different from 
that of a Hme Hquor to which no addition has been made. The addition 
of the univalent sodium ion wiU, however, tend to increase the plumping.
J .  B .  S p ea k m a n , J .  Soc. Dyers and Col., 1936 , 5 2 , 335  ; B . ,  1936 , 1033 . Nature, 
1936 , 1 3 8 , 327 ; A ., 1936 , 1396.
A . S ch ô b er l, Colleqium, 1936 , 4 1 2  ; A ., 1936 , 1232 .
2» H . P h illip s , Nature, 1 9 3 6 ,1 3 8 , 121 ; B .,  1936, 489 .
A . S ch ô b er l a n d  P . R a m b a c h e r , Annalen, 1939 , 5 3 8 , 84  ; A ., 1939 , I I ,  204 .
J .  L . S to v e s ,  Trans. Faraday Soc., 1942 , 38 , 2 54 , 261 ; B .,  1942 , I I ,  366 .
J. Soc. Dyers and Col., 1936 , 52 , 3 8 0 ;  B .,  1936 , 1198 .
J. Biol. Chem., 1 9 4 1 ,1 3 8 , 141 ; A ., 1941, I I ,  188.
80 G . V â g ô , Collegium, 1937 , 51 2  ; B .,  1938 , 698 .
81 E . R . T h e is , J . Amer. Leather Chem. Assoc., 1941 , 36, 62 ; B .,  1941 , I I ,  167.
8 8  F . F . E la w o rth  a n d  H . P h illip s , Biochern. J., 1938 , 32 , 837 ; A ., 1938 , I I I ,  589 .
8 8  W . W in d u s  a n d  H . G . T u r le y , ibid., 1941 , 36, 603  ; B .,  1942 , I I ,  8 6 ,
8 * W . B .  P le a s s , Biochem. J., 1930 , 2 4 , 1472 ; A ., 1930, 1518. D .  J o r d a n  L lo y d ,  
R . H . M arrio tt, a n d  W . B .  P le a ss , Trans. Faraday Soc., 1933, 2 9 , 5 54  ; A .,  1933 , 4 6 3 .
8 8  W . R . A tk in , L . G o ld m a n , a n d  F . C. T h o m p so n , J. Soc. Leather Trades' Chem., 
19 33 , 17 , 5 6 8 ;  B . ,  1934 , 31 .
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This increase in plumping is not always desirable ; there is some evidence 
that excessive plumping hinders the removal of the hair, since the hair 
roots are more firmly held,®® and in the manufacture of leather in which a 
fine fiat grain is required, it is generally considered that the plumping 
should be reduced to a minimum.
Of the substances enumerated above, five, calcium hydrosulphide, 
arsenic sulphide, and the methylamines, offer the possibility of accelerating 
the unhairing action of a hme hquor without at the same time increasing 
the plumpmg of the collagen and their use, therefore, would appear to 
offer certain advantages in the manufacture of some types of leather. 
Calcium hydrosulphide and arsenic sulphide may be considered to have 
the same effect, since the former is the active unhairing agent in arsenic 
hmes.®’
G r e a s e  m  S k i n s  a n d  L e a t h e r .
E>. M. Koppenhoefer®® has reviewed previous work carried out by himself 
and co-workers on the distribution and composition of grease in hides and 
skins, its removal, and the apphcation of greases in the fat-hquoring 
process.
The formation of calcium and chromium soaps during leather manu­
facture has been studied by R. F. Innes.®® Calcium soaps formed from 
the free fatty acids in the skin during limmg are decomposed by acids and 
vegetable tan Hquors and hence can readily be removed. During chrome 
tanning they are converted into chromium soaps, the presence of which 
leads to uneven dyeing and greasiness in the finished leather. As chromium 
soaps are not readily decomposed or removed, the calcium soaps or free 
fatty acids giving rise to them should be removed before chrome tanning.
V e g e t a b l e  T a n n in g .
Little further progress has been made in the elucidation of the structure 
of the tannins or the nature of the tannin-coHagen reaction. The tanning 
action of a number of esters of galHc acid with polyhydric alcohols has 
been examined by A. RusseU and W. G. Tebbens, jun.^ ® The simple 
esters of galHc acid have no tanning action but polyesters show increased 
ta nning  action as the number of esterified hydroxyl groups in the alcohol 
increases. A. Küntzel^ has surveyed his earlier work on the tanning action 
of organic tannins and from comparison of the effects of phenols and 
condensed phenols on coUagen deduces that tanning involves reaction 
with the peptide groups of the coUagen. R. 0 . Page^® has made a study
G . D . M cL a u g h lin , J .  H . H ig h b e rg er , a n d  E . K . M oore, J .  A m er. Leather Chem. 
A ssoc., 1927 , 2 3 , 3 4 5 ;  B . ,  1927 , 971 . H . B . M errill, In d . Eng. Chem., 1927 , 19 , 386 .
88 E .  S t ia sn y , J .  Soc. Leather T rades’ Chem., 1919 , 3 , 129. H . H e r fe ld , “ G erberei- 
c h e m ie  u n d  L ed er fa b r ik a tio n ,” W ie n , V o l. I I ,  p . 115.
88 J . A m er. Leather Chem. A ssoc., 1942 , 3 7 , 118 ; B . ,  1942 , I I ,  270 .
89 J  goc. Leather T rades’ Chem., 1941 , 25 , 351 ; B .,  1942 , I I ,  86 . Ib id .,  1942, 36 , 
112  ; B . ,  1942, I I ,  303 .
88 J . A m er. Chem. Soc., 1942 , 64 , 2 2 7 4 ; A .,  1943 , I I ,  61.
«  K o llo id -Z ., 1 9 4 2 ,1 0 0 , 2 7 4 ; B . ,  1943 , I I ,  162.
88 «7. Soc. Leather Trades' Chem., 1942 , 2 6 , 71 ; B . ,  1942 , I I ,  125.
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of the tannm-gelatin reaction. Experiments on the fractional precipita­
tion of tannins vdth gelatin and salts indicate that tannin solutions contain 
molecules of varying size and that one molecule of tannin is precipitated 
by each basic group in gelatin, the larger molecules bemg precipitated 
first. It is shovm that smaller molecules already combined with gelatin 
can be replaced by larger molecules. It is pointed out that the composi­
tion of tlie tannin-gelatin precipitate provides a possible method of 
following the changes m average size of the tannin molecules in the 
tanning processes.
The enzymic hydrolysis of valonia tannin with the production of ellagio 
acid and the deposition of “bloom” has been investigated by H. Anderson 
and S. 0 . Sourlangas'’® ; the enzyme causmg the hydrolysis is specific to 
valonia and divi-divi. Factors inlluencing the fixation of quinone by 
collagen have been studied by H. C. Stecker and J. H. Highberger^^ ; the 
amount fixed is dependent on the pH and the extent of oxidation and 
polymerisation of the quinone.
No doubt stimulated by the war and the possible shortage of tanning 
materials, a number of papers have appeared dealing with the properties 
of the less common tamihis.^®
M in e r a l  T a n n in g .
E. Elod'*® and A. KiintzeF'^ have pubfished pajiers summarising their 
work with various collaborators during the past few years. Both have 
used changes in absorption spectra during the reaction between metallic 
salts and gelatin and glycine to throw light on the mechanism of the 
tanning process. This is not a new technique as suggested in a previous 
Report^® but has been used for some years.'*®-®® A. Küntzel and C. Riess®® 
consider that the reaction between chromium and gelatin is the same in 
principle as that between chromium and glycine. E. Elod and 
T. Schachowskoy,^®’®* however, criticise this statement on the grounds 
that their observations with gelatin, glycine, and other substances contain­
ing amino- and carboxyl groups do not justify this assumption. They 
consider that conclusions regarding the reactions taking place with 
collagen cannot be drawn from the changes in fight absorption occurring 
in the reaction of chromium with partly hydrolysed gelatin. A. Kiint- 
2Qli7,52 replied to certain of these criticisms, one of his contentions
88 J . Soc. Leather Trades' Chem .. 1 942 ., 26, 49  ; B .,  1942 , I I ,  245 .
88 J .  A m er. Leather Chem. A ssoc., 1942 , 37 , 2 26  ; B .,  1942 , I I ,  350 .
88 J .  S . R o g e r s  a n d  C. O . B e e b e , ib id .,  1941 , 3 6 , 6 2 5 ;  B .,  1942 , I I ,  39 . R .  W . 
F r e y  a n d  I .  D ,  C larke, ib id ., 5 7 6 ;  B . ,  1942 , I I ,  86 . L . B a e n s , P h ilip p in e  J .  S c i., 
1941 , 75, 363  ; B .,  1942 , I I ,  173. L . G . A leg o , L . B a e n s , a n d  V . G . L a v a , ib id ., 76, 1 ;
B .,  1 9 4 2 ,1 1 , 125.
88 E . E lo d  a n d  T . S c h a c h o w s k o y , K o llo id  B eih ., 1939 , 51, 1 ; B . ,  1942 , I I ,  390 .
8: A . K ü n tz e l ,  K o llo id -Z .,  1940, 9 1 , 168.
88 M . P . B a lfo , A n n . R ep ts ., 1941 , 2 6 , 404 .
88 E .  E lô d  a n d  T . S c h a c h o w s k o y , T rans. F a raday Soc., 1935 , 31, 2 1 6  ; A ., 1935 , 301 .
88 A . K ü n tz e l a n d  C. R ie ss ,  Collegium , 1936 , 138 ; B . ,  1936 , 754 .
81 E . E lô d  a n d  T . S ch a c h o w sk o y , 'K olloid-Z ., 1941 , 94, 3 2 8 , 333  ; B . ,  1942 , I I ,  173.
8 2  Collegium, 1 9 40 , 106 ; B .,  1940 , 5 5 5 . K o llo id -Z ., 1941 , 97, 99 ; B . ,  1942 , I I ,  350 .
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being that any differences in the light absorption curves for the two 
systems chromium-glycine and chromium-gelatin can be accounted for 
by the spatial arrangement of the amino- and carboxyl groups in the two 
systems.
The evidence available on the theory of mineral tanning as a result of 
the investigations of these and other workers favours a chemical rather 
than a physical explanation and on this basis a reasonable hypothesis 
can be built up involving the formation of cross-linkings between adjacent 
polypetptide chains by reaction of the metallic complexes with active 
centres in the collagen molecule. In spite of the arguments put forward 
by E. Elod/®'®* the balance of evidence favours the suggestion that 
combination with the carboxyl groups of the collagen followed by the 
formation of a further co-ordinate linking with the free amino-groups 
are the maiu reactions involved in tanning. The possibility that other 
groups are involved, as suggested by a study of the reaction of polyvinyl 
alcohols with a variety of metallic salts/® cannot, however, be excluded.
The mechanism put forward by A. Küntzel and C. Riess®® to account 
for the thermal stability of chrome-tanned leather is attractive as a 
working hypothesis. The polypeptide chains of the collagen, with side- 
chains terminating in free carboxyl and amino-groups, are represented 
diagrammatically as in (I) and combination with chromium or other 
suitable metallic complexes is postulated as shown in A, B, and C. It
] 0 0 -  H sN —
4-
3 0 0 -  H s N —
—Cr—
H
I!I;
0
li \  1 \ \
—Cr— —CrTTTTT—0 —
I I \ | \ \
0nh
—Gr­
i l 1
A . B .(I)
is suggested that the formation of polynuclear chromium complexes is 
essential for a tanning action to take place, since only such salts are 
sufficiently extended in space to be able to react with several pairs of 
carboj^yl and amino-groups in different polypeptide chains, so forming a 
lattice-hke structure. A. Küntzel and T. Droscher®® suggest that for this 
reason copper salts, which do not readily form molecules containing several 
metallic atoms, have no tanning action, although it is known that they 
form stable complexes with glycine. I t  is interesting to consider the 
possibilities of formulae of tins type in relation to the stereochemical 
configuration of the collagen molecules. It can be calculated that the 
distances involved in the formation of bridges as postulated above, with 
88 Collegium , 1940 , 122 ; B .,  1940 , 535 .
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the exception of (B), do not requhe the existence of complexes containing 
more than 3 or 4 chromium atoms.
A number of papers have appeared recently dealhig with the effect of 
added anions on the chrome tanning process.®*"®® The results obtained 
by different workers are often contradictory, probably owing to the fact 
that in many cases other conditions have not been adequately controlled. 
For histance, in some cases the effect of the added salt on the pH of the 
chrome liquor has not been distinguished from the specific effect of the 
salt itself.®* Since the majority of the salts studied are those of organic 
acids the effect on the pH is likely to be appreciable. The amount of the 
salt added also hifluences the results.®*-®® I f  the anion of the salt is 
capable of forming a stable complex with chromium, the addition of 
amounts equivalent to the clu’omiura content of the solution may preclude 
any reaction of the chromium with the collagen. It is probable that 
when pH and other conditions are satisfactorily standardised many of the 
seemhig contradictory effects of the addition of salts will disappear.
The effect of salts on the chromium uptake may in part be ascribed to 
the formation of complexes between the chromium and the anion in 
question. On the assumption that the formation of similar complexes 
between the metallic cations and the free carboxyl groups takes place 
durmg tamiing it may be expected that the effect of different anions on 
the chromium uptake will be dependent on the relative stability of the 
complexes formed between the anions and chromium compared with the 
stability of the chromium-collagen complex.
The addition of salts to the chrome hquor affects the thermal stabihty 
of the resultmg leather as well as its chromium content.®*-®®>®’-®® An 
explanation of this effect is given by A. Küntzel and 0. Riess.®® They 
consider that under the conditions of chrome tanning, where the majority 
of the amino-groups are positively charged, the formation of stable 
bonds between these groups and the chromium atoms in the complex is 
unlikely and, therefore, the formation of stable cross-hnldngs is dependent 
on the presence of a suitable anion in the complex capable of forming a 
co-ordinate linking with the charged amino-groups.
Tanning with other mineral salts has also received attention. E. Elod 
and T. Schachowskoy*® relate the pH of optimum tanning action of a 
number of metallic salts to the pH at which the hydroxide of the metal is 
precipitated. E. 0 . Wilson and S. 0 . Yu®® have studied the tanning action
88 H . C. H o lla n d , J . Soc. Leather Trades' Chem., 1940 , 24 , 152, 199 , 221  ; Æ , 1940  
5 54 , 631 , 688.
88 E .  l i .  T h e is  a n d  J .  G an z, J . A m er. Leather Chem. A ssoc., 1940 , 3 5 , 5 0 4 ;  B .,  
1940 , 815 . E .  R . T h e is  a n d  W . K . M eerb o tt , ib id .,  1942 , 37 , 293  ; B .,  1942 , I I ,  2 0 6 . 
E . R .  T h e is , ib id ., 1941 , 36 , 4 4 9 ;  B . ,  1942 , I I ,  4 47 .
88 G . D . M cL a u g h lin  a n d  R . S . A d a m s , ib id ., 1942 , 37 , 7 6 ;  B .,  1 9 42 , I I ,  246 .
8’ K . H . G u sta v so n , S tiasn yfestsch rijt, 4 9 3 7 , 9 9 ;  B . ,  1938 , 304 .
88 Collegium, 1936 , 635  ; B .,  1937 , 68.
8* J .  P h ysica l Chem., 1941, 45 , 167 ; B .,  1941 , I I ,  168.
88 K ollo id -Z ., 1941 , 9 7 , 33 6  ; B .,  1942 , I I ,  350 .
88 J . Soc. Leather Trades' Chem., 1942 , 2 6 , 4 4 ;  B .  ,1 9 4 2 , I I ,  2 06 .
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of aluminium sulphate and consider that the fixation of aluminium by 
coUagen may be represented by exponential curves of the FreundUch 
adsorption isotherm type. T. Schachowskoy and H. G. FrohUch®® 
distinguish between two types of zirconium tannage, a “salt” tannage 
which takes place with zirconium sulphate but not with the nitrate or 
chloride and havmg a maximum between pH 2 and 3, and a hydroxide 
tannage which is independent of the anion and reaches a maximum 
between pH 5 and 6 .
The fate of the aluminium used in piclding prior to chrome tanning has 
been investigated by H. E. Herman, J. R. Blockey, C. H. Spiers, and
A. J. Stoneman.®* It was found that chrome tanning removes more 
aluminium from the sldn than washing with water and that the chrome- 
tanned leather retained only 15% of the aluminium used for pickling.
P r o p e r t i e s  o f  L e a t h e r .
The determination of the density of leather and its relation to other 
properties such as water absorption and thermal conductivity are the 
chief topics which have aroused interest. W. GaUay and J. S. Tapp®® 
have devised a new method based on Boyle’s law for determining the real 
density of leather. The leather is introduced into a vessel connected to 
a mercury manometer and the difference in pressure required to bring the 
mercury to the same level in the connecting tube before and after the 
introduction of the leather is used to calculate the real volume of the 
leather. This calculation involves the assumption that the pressure of the 
air in the pores of the leather can come into equilibrium with that of air 
in the surrounding vessel. It is claimed that this method is simpler and 
gives greater accuracy than the methods involving the displacement of the 
air in the leather with paraffin.®® N. W. McLachlan,®* foUowing on an 
earlier paper®® on the thermal conductivity of shoe materials, has related 
this property to the apparent density of the leather, and values for many 
types of leathers are given. H. C. HoUand®® has described a method by 
which the water absorbed by leather can be divided into two fractions, 
the combined water and the water present in .the free spaces. The “free 
space water” is assumed to be equal to the air spaces in leather as measured 
by displacement with kerosene. There is some error in this assumption, 
since the water wiU cause the fibres to sweU, thereby reducing the space 
available, and at the same time remove water soluble material and so 
increase this space. HoUand considers that the total error introduced is 
smaU since the two errors are compensating. The effect of various 
tanning processes on the water absorbed in these two ways has been 
determined.
J . A m er. Leather Chem. A ssoc., 1942 , 37 , 140 ; B .,  1942 , I I ,  270 .
88 R . E . P o r ter , ib id ., 1929 , 24 , 36 . I .  D . C larke, J , In d . Eng. Chem., 1931, 23 , 62  ;
B .,  1 9 3 1 ,4 0 9 .
88 J .  Soc. Leather Trades' Chem., 1942 , 2 6 , 135 ; B „  1942 , I I ,  351 .
85 N . W . M cL a ch la n , T . R . G . L ew is , a n d  G . G o o d fe llo w , ib id ., 1941 , 25 , 76 ; B .,  
1941 , I I ,  207 .
88 (b id ., 1942 , 26 , 124 ; B . ,  1942 , H ,  303 .
3 6 6  B E P O IIT S  O F  T H E  P R O G B B S S  O F  AI’P L IE D  C H E M IS T R Y .
The effect of different tanning materials on the “free water” (the water 
lost'by a sample of leather saturated with water on diying out to equili­
brium at 75% R.H. expressed as a percentage of the original dry weight) 
and the moisture content of sole leather has been determined by G. H. W. 
Humphreys.®’ The “free water” values are not only dependent on the 
amount of water-soluble material and the amount of open space in the 
leather, but are also affected by the nature of the tanning material, 
myrobalan in particular tending to give low values. Myrobalan- 
taimed leather was also markedly loss hygroscopic than the rest of the 
leathers, although this tanning material itself was the most hygroscopic 
of those examined.
G. 0 . Conabere®® has continued her work on the measurement of the 
“feel” of leather and has extended it to the numerical evaluation of the 
properties of firmness and fullness. Values obtained for a number of 
chrome calf upper leathers are given. The relationship between the 
property of gloving leathers usually referred to as “run” and other physi­
cal properties has been examined.®® R. B. Hobbs and P. E. Tobias’® 
have measured some physical and chemical properties of belting leather 
and L. Boor and J. G. Niedercorn’* have used the Olsen bursting tester 
for the evaluation of the strength of leather.
In an investigation designed to developed a suitable ageing test for 
leather J. R. Kanagy’® has measured the evolution of carbon dioxide and 
water from vegetable-tamied leathers at elevated temperatures ; the 
amounts of carbon dioxide evolved are related to the comparative stabihty 
of the leathers.
8^  J .  Soc. Leather T rades' Chem ., 1942 , 26, 5 9 ;  B ., 1942 , I I ,  24 6 .
8» /6 zd ., 1941, 25, 3 1 9 ;  B .,  1942 , I I ,  126.
89 W . B . P lea s s , ib id ., 1942 , 2 6 , 152 ; B . ,  1 9 42 , I I ,  3 90 . J .  H . B o w e s , ib id ., 181, 
1 8 9 ;  B . ,  1942 , I I ,  448 .
’8 J . A m er. Leather Chem. A ssoc., 1942 , 37, 131 ; B . ,  1942 , I I ,  270 .
8 1 1 7 8  ; B . ,  1942 , I I ,  303 .
’8 Ib id .,  1941 , 36, 609  ; B . ,  1942 , I I ,  39 .
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D u r i n g  the past year there has been some criticism of the quality of the 
sole leather being used on civilian footwear. Authoritative statements on the 
subject have been made by B. H. Harvey* and D. Jordan Lloyd,® who point 
out that the bulk of the best sole leather produced in this country is needed 
for the armed forces, and that there is no evidence that the standard of 
Enghsh sole leather has deteriorated. In spite of war-time shortages of 
certain materials, the increased knowledge of the tanning process and its 
control, which has been obtained since the last war, has made it possible to 
maintain, and even in some cases to surpass, the pre-war standards.
There are fewer papers than usual this year dealing directly with the 
production of leather and its properties. In the past few years, however, 
a number of papers have appeared dealing with the amino-acid composition 
of the proteins and the opportunity has, therefore, been taken to review 
the advances in this branch of protein chemistry in so far as they have a 
bearing on the structure and composition of collagen and the changes 
which are likely to occur during the processes involved in leather pro­
duction. I
C o l l a g e n .
I t is becoming increasingly evident that there is need for more accurate 
determinations of the amino-acid composition of proteins,®’* in  view of 
their bearing on the theories of protein structure which have been based 
on X-ray crystallography or which deal with the arrangement of the 
amino-acids in individual proteins.® The Bergmann-Niemann hypthesis® 
concerning the orderly arrangement of the amino-acids in the protein 
molecule has recently received some criticism. A. C. ChibnaU* discusses the 
structure of a number of proteins in the light of the amino-acid analyses 
at present available and considers that it would be wise to regard the 
Bergmann-Niemann hypothesis as still tentative. I t  has also been 
suggested that, considering the errors at present involved in the deter­
mination of the amino-acids, there is a high probability that a purely 
random distribution of amino-acids would give values in apparent accord-, 
ance with this hypothesis.® A. G. Ogston’ has considered the hypothesis
 ^Leather T r . R ev ., 1943 , 76 , 9 13 .
8 Ib id .,  1015 . Leather W orld, 1943 , 35, 566 .
8 W . T . A s t b u iy ,  J.G.S., 1942 , 37  ; A .,  1942 , I ,  231 .
* A . C. C h ib n a ll, Proc. R oy . Soc., 1942 , B, 121, 136 ; A .,  1943 , I I ,  75.
8 M . B er g m a n n , J. B iol. Chem ., 1935 , 110, 471 ; A .,  1935 , 1140  M . B e r g m a n n  
a n d  C. N ie m a n n , ib id ., 1936 , 115, 77 ; 1937 , 118, 301 ; 1938 , 122, 57 7  ; A .,  1936 , 
1283  ; 1937 , I I I ,  168  ; 1938 , I I I ,  2 1 0  ; Science, 1937 , 8 6 , 187 ; A .,  1.937, I H ,  41 .
* A . N eu b er g er , P roc. R oy . Soc., 1939, B , 1 2 7 , 25  ; A .,  1939 , I I I ,  7 8 5 . N .  W .  
P ir ie , Ann. R epts. Chem. Soc., 1939 , 36, 352 .
’  T ran s. F araday Soc., 1943 , 3 9 , 151 ; A., 1 9 43 , I I ,  2 4 7 .
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from a mathematical viewpoint and concludes that there is no suggestion 
that the numbers 2 and 3 hold any unique position as prime factors in the 
structure of a regular array, and that if  the Bergmann-Niemann hypothe­
sis should prove to be correct, deeper insight into the structure and mode 
of formation of proteins will be needed to explain it.
H. Neurath® points out that the arrangement of the amino-acids in 
proteins is also liliely to be dependent on stereochemical considerations and 
suggests that it is significant that gelatin, which contains a high proportion 
of proline and hydroxy proline (both having buUcy side-chains), contains a 
correspondingly high proportion of glycine.
Direct evidence for the arrangement of the amino-acid residues in a 
peptide chain can only be obtained by the isolation and identification of 
partial hydrolysis products containing the necessary minimum number of 
residues.® A. H.' Gordon, A. J. P. Martin, and R. L. M. Synge have 
carried out researches on these lines using chromatographic methods.®'*®'** 
Evidence arising from their experiments with gelatin** suggest that the 
residues of the basic amino-acids are dnectly linked to the higher mono- 
amino-acids and that the monoamino-acids with long side-chains are not 
linlced to one another in the polypeptide chain. A study of the course of 
the hydrolysis suggested that certain peptide links were more resistant to 
acid hydrolysis than others.
The values usually quoted for the amino-acid constituents of collagen 
and gelatin are mainly those obtained by H. D. Dakin*® some twenty 
years ago and apart from some analyses by E. Schneider*® and the deter­
mination of a few of the individual amino-acids by other workers there 
are no more recent figures available.
The older methods of analysis which were largely used in these deter­
minations involve a number of separations followed by gravimetric 
determination of the amino-acid in question. Such precipitation methods 
are subject to errors due to solubility factors which may vary according 
to the amino-acid mixture present in the hydrolysate. Even in the case 
of the basic and acidic amino-acids, which are the most readily isolated, 
it is realised that the results are not highly accurate. A. 0. Chibnall, 
M. W. Rees, and E. F. Williams** have carried out very careful analyses 
of the acidic and basic amino-acids of edestin, egg-albumin, and j8-lacto-' 
globulin in which each step in the analysis was carefully checked and the 
errors involved were known within small limits. The values obtained 
for the dicarboxylic acid content of these and other proteins are con­
siderably higher (in some cases 50% higher) than values previously
® J . A m er. Chem. Soc., 1943 , 65, 2Ô39 ; A .,  1944 , I I ,  88 .
» Biochem . J . ,  1941 , 3 5 , 1369  ; A ., 19 4 2 , I I ,  158 .
*8 A . J .  P . M artin  a n d  R . L . M . S y n g e , ib id .,  1358  ; A .,  1 9 42 , I I ,  160 . A . H .  G ord on ,
A . J .  P . M artin , a n d  R . L . M . S y n g e , ib id ., 1943 , 3 7 , 79 , 86 , 313  ; A .,  1943 , I I ,  179 .
A . H . G ord on , A . J .  P .  M a rtin , a n d  R . L . M . S y n g e , ib id ., 92  ; A .,  1943 , I I ,  179.
"  J . B io l. Chem., 1920 , 44, 4 99 .
18 Collegium , 1940 , 97  ; B . ,  1 9 40 , 5 54 .
“  B iochem . J . ,  1943 , 8 7 , 37 2  ; A .,  1943 , I I ,  3 4 6 . K .  B a ile y ,  A . C. C h ib n a ll, M . W .  
R e e s , a n d  E . F .  W illia m s, ib id ., 301 ; A ., 1943 , I I ,  4 04 .
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obtained by H. D. Dakin*® and others. By analogy, therefore, it seems 
probable that the values obtained by Dakin*® for gelatin are correspond­
ingly lower than the true values. An analysis of collagen using these 
more refined techniques would, therefore, be welcome.
Two new techniques, which largely avoid the errors inherent in the old 
gravimetric methods have recently been developed, the solubility pro­
duct method of M. Bergmann*®’*’ and the chromatographic methods of 
Gordon, Martin, and Synge.*®’** The glycine and proline content of 
collagen and gelatin have been determined by the solubility product 
method*® and va,line has been isolated from gelatin for the first time using 
the chromatographic technique.**
With regard to the determination of individual amino-acids, L. A. Shinn 
and B. H. Nicolet have recently developed a method for the determination 
of the hydroxyamino-acids, threonine*® and serine,*® in proteins, based on 
the determination of the amounts of acetaldehyde and formaldehyde 
formed by the addition of periodic acid.. I t  is suggested that the reaction
takes place as follows : R ’CH(GH)'CH(NH2)-CG2H - | - 0  >R CHG-|-
NHg -|- GHG CGgII(!-|- G) ^CGg +  HCGgH. They report the presence
of much greater amounts of these acids than have hitherto been 
isolated ; in gelatin they found 1-4% of threonine and 3-2—3-4% of 
serine. D. D. Van Slyke, A. Hiller, and D. A. MacFadyen®® have 
adapted the same technique to the determination of hydroxylysine 
after previous separation from the other known hydroxy-acids ; in this 
case the ammonia evolved on the addition of periodic acid was measured. 
Gelatin and coUagen were the only proteins which contained an appreci­
able amount of hydroxylysine (0-7—0-9%).
In the table on page 324 the amounts of the different amino-acids 
which have been isolated from gelatin and coUagen at various times are 
Usted. With many of the amino-acids, values for gelatin only have been 
obtained, and in view of the information now avaUable regarding the 
labUity of certain groups in the protein molecule on treatment with acid 
or alkaU, it is open to question whether the values are in aU cases applic­
able to coUagen unless there is adequate knowledge of the previous 
treatment of the gelatin. In  the fourth column of the table are given 
“selected” values for the amounts of the different amino-acids present in 
coUagen. These have been selected from the various analytical results, 
either by reason of the technique used, or because they represent the 
average value of a number of determinations by different workers.
Biochem . J . ,  1918 , 12, 2 9 0 .
M . B er g m a n n  a n d  W . H . S te in , J .  B io l. Chem., 1939 , 128, 217  ; A .,  1939 , I I ,  231 .
W . H . S te in , M . B er g m a n n , a n d  C. N ie m a n n , J .  A m er. Chem. Soc., 1938 , 60, 
1 703  ; A .,  1938 , I I ,  3 8 6 . H . R .  I n g  a n d  M . B er g m a n n , J .  B io l. Chem., 19 3 9 , 129, 
603  ; A .,  1939 , I I ,  4 6 3 . W . H .  S te in  a n d  M . B er g m a n n , 1940 , 134, 627  ; A .,  1940 ,
I I ,  3 2 0 . M . B er g m a n n , S . M oore, a n d  W . H . S te in , Chem. R ev., 1942 , 30, 4 2 3 . S . 
M oore a n d  W . H . S te in , J". B io i .  C /iem ., 1943 , 150, 113 ; A .,  1943 , I I ,  4 0 3 .
Ib id .,  1941 , 138, 91 ; A .,  1 9 41 , I I ,  2 08 .
19 Ib id .,  1941 , 139, 687  ; A .,  1941 , I I ,  3 0 8 . , .
" J W d ., 141, 681 ; A .,  1942 , I I ,  184.
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C o m p o s i t i o n  o f  C o l l a g e n  a n d  G e l a t i n .
g. per 1 0 0  g. protein.
Amino-acid, Side-cliain*
Mol.
wt. Gelatin. Collagen.
Selected 
value for 
collagen.
Neutral amino-acid». 
Glyclno H 75 25 6 " 26 5" 
25-6“ 25 6 "
24 7" 27 2" 
26 2—26 7"
26 5
Alanine CH.- 80 8  7" 8 7
Plicnylaianine C.H.CH,- 165 14"  1 2 " 1 3
Leucine (CH,),CH-CH,- 131 7 1" 7 1
Vaiine (CH.).CH- 117 17" 1 7
Methionine CH,-S[CH,1,- 149 0 97" 0-97
Proline
CH,-CH-
115 10 7" 17 6 "  
19 7"
17 6 " 18 9" 17 5
Hydroxyproline
C(0H)-CH,^
131 141" 14 4" 1 0  8 " 14 2
Serine . .  . . . OHCH,- 105 0 4" 8 -43f • 3 4
Threonine CHvCH(OH)- 119 1 4 " 1 4
Tyrosine p-OHC,H*CH,- 181 0 3" 0  8 " 1 0 " 1 0
Basic amino-acids. 
Lysine NH,-lCH,h- 146 5-9[* 4 .71» 5 .01a
3 8—4 1"
4 8
Hydroxylysine NH,-[CH.],-CH(OH)- 162 0 73—0 90» 0  8 8 » 0 9
Arginine
Histidine
NH:C(NH,)-NH[CH,],-
NH'CHxk
174
155
8  2" 8  3" 
8  7"
0 9"
8  4" 8  1"
7 7"
0 6—0 6 " 0 4"
8  1  
0 5
Acidic amino-acids. 
Aspartic acidf HO.CCH,- 133 3 4" 3 5" 3 5
Glutamic acidj HO,C[CH,],- 147 6 -8 " 5-7" 6  7
Amide nitrogen 
(asN H ,)
0 4"
Total 107-3
* K in B--CH(NH,)COjH except in case o f proline and hydroxyproline where the formula is given, 
t  This figure also includes hydroxylysine.
I May be present as amides.
The figures given are the percentages of the amino-acids isolated from 
the protein, and in order to allow for the water added during hydrolysis 
the sum of these percentages should add up to about 118. The isolation 
of all the amino-acids in collagen and gelatin is, therefore, not complete.
81 B .  W . T o w n , Biochem. J., 1936 , 3 0 , 1833  ; A ., 1 9 36 , 1528 .
88 M . B er g m a n n , J. Biol. Chem., 1935 , 1 1 0 , 471 ; A ., 1935 , 1140.
88 R . K a p e lle r -A d le r , Biochem. Z., 1932 , 2 5 2 , 185 ; A ,, 1932 , 1150.
8 « H . D . B a e r n s te in . J .  Biol. Chem., 1932 , 9 7 , 663 ; A .,  1932 , 1149 .
88 O . G ern gross, K . V o s s ,  a n d  H . H e r fe ld , Collegium, 2 5 7 , 1933 ; A .,  1933 , 407 . 
88 J .  H . H ig h b erg e r , J . Amer. Leather Chem. Assoc., 19 38 , 33 , 9 ; B . ,  1 9 38 , 4 1 4 . 
88 H . B .  V ic k e ry , J. Biol. Chem., 1940 , 1 3 2 , 325  ; A .,  1940 , I I ,  2 00 .
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there still remaining about 10% to be accounted for. In  view of the 
work of A. C. Chibnall and co-workers** on other proteins, it seems 
probable that this deficiency is, at least in part, due to the incomplete 
isolation of the dicarboxylic acids.
The leather chemist is concerned not only with the composition of 
collagen, but also with the changes it may undergo in the hming, bating, 
and pickling processes which precede tanning.
L im ing .—It has been suggested that the following changes may take 
place during liming : {a) Hydrolysis of the amide groups of asparagine and 
glutamine residues to give free carboxyl groups.®® (6) Modification of 
the guanidine group of arginine with the production of urea.®® (c) Loss 
of the amino-acid lysine.®®, (d) Hydrolysis of the peptide groups with 
the liberation of carboxyl and amino-groups. . . ’
The isolectric point is shifted towards the acid range by liming or other 
alkaline treatment®® and this shift may be largely attributed to reaction (a).. 
The work of R. G. Warner®* on the kinetics of the hydrolysis of arginine by 
alkali suggests that ornithine may be produced from this amino-acid 
during liming :
CO(NHJg+>CH.[CH,h.NHg
>CH-[CH2]3-NH-C(:NH)-NH2<^
>CH-[CH2]3-NH-C0-NH3
The second reaction also takes place but to a smaller extent.
R. 0 . Warner and R. K. Cannan®® have also found that the ammonia 
produced by the action of alkali on proteins exceeds that which can be 
attributed to the amide and arginine groups and suggest that this is 
connected with labile groups, possible in serine and threonine. The 
work of B. H. Nicolet, L. A. Shinn, and L. J. Saidle®® also indicates that 
serine and threonine are affected by alkali treatment. On subsequent 
acid hydrolysis the amounts of these amino-acids are reduced and there is 
a corresponding increase in the amide nitrogen.
E. R. Theis and T. F. Jacoby®* have investigated the effect of liming on 
the acid- and base-combining capacity of collagen. They confirm that the 
isoelectric point is shifted to lower pH .values and the shape of their 
curves is in agreement with the suggestion that hydrolysis of the amide 
groups takes place during liming. The acid- and base-combining capacity 
increased as liming proceeded, suggesting that additional acidic and basic 
groups were liberated.
8® J .  H . H ig h b e r g e r  a n d  H . C. S tec k e r , J. Amer. Leather Chem. Assoc., 1941 , 36, 
3 6 8 ;  B . ,  1941 , I I ,  406 .
8® E .  R . T h e is  a n d  T . F .  J a c o b y , ibid.,' 375  ; B .,  1 9 41 , I I ,  4 05 .
8® J .  R . B e c k  a n d  A . M . S o o k n e , J . Res. Nat. Bur. Stand., 1939 , 23, 271 ; A .,  1 9 39 ,
I ,  5 4 4 . J .  H . H ig h b e rg e r , J . Amer. Chem. Soc., 1 9 3 9 , 61 , 2 3 0 2  ; A .,  1939 , I ,  5 6 4 . 
E . C. E .  H u n te r  a n d  A . J .  T u rn er, Trams. Faraday Soc., 1 9 40 , 835  ; A .,  1 9 4 0 ,1 , 3 58 .
J . Biol. Chem., 1 9 42 , 142, 7 0 5  ; A .,  1 9 4 2 ,1 , 243 .
38 7 2 5 ;  A .,  1942 , I I ,  241 .
33 6 0 9 ;  A .,  1942 , I I ,  211 .
3* J . Amer. Leather Chem. Assoc., 1 9 42 , 37, 611 ; B . ,  1943 , I I ,  2 52 .
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Bating and Piclding.—Little work has been done on the chemical aspects 
of bating, but evidence obtained regarding the action of trypsin on various 
proteins indicate that the hberation of arginine from the collagen is lilcely 
to take place.®® The acid used in conjunction with sodium chloride in the 
pickling process is not likely to cause any appreciable change in the com­
position of the collagen unless excessive amounts of acid are used, the 
skins stored for long periods in the pickled condition, or the temperature 
raised above 25° c.®® Under these conditions there is an increase in the 
water-soluble nitrogen, suggesting that some degradation has taken place.
' E. R. Theis and T. E. Jacoby®*’®’’®® have continued their investigations 
on the effect of various factors on the acid- and base-combining capacity 
of collagen. They have examined the effects of Hming®* (see above), the 
addition of potassium and calcium chloride,®’ and of previous heating on 
the shape of the titration curves.®® They find that in the presence of 
calcium chloride, the curves are shifted to lower pH values in the range 
4-5—7-5. ' They also find that appreciably more calcium than potassium 
ions are bound by the protein. Previous heating in water to 60° c. had no 
affect on the maximum acid- and base-combining capacity but in the pH  
range 4 5— 10 0 the curves were shifted to higher pH values. They 
suggest that the change in shape of the curves in this case may be due to 
the conversion of certain electrovalent salt Hnkings into co-ordinate 
Hnkings. These authors®® also discuss the significance of the shrinlcage 
temperature of collagen. They have studied the effects of acids and salts 
on the stability of collagen as measured by the shrinliage temperature and 
consider that resistance to shrinliage is due to salt Hnkings and hydrogen 
bonds between adjacent polypeptide chains. '
The structures for coUagen and other fibrous proteins put forward by 
W. T. Astbury*® have been criticised by M. L. Huggins,** who suggests 
rather different structures which he claims fit the X-ray and analytical 
data better.
E. 0 . Schmitt, C. E. HaU, and M. A. Jakus*® have extended their work 
with the electron microscope and have examined collagen obtained from a 
variety of sources at magnifications up to 28,000. In aU cases the fibres 
showed characteristic cross striations of alternate opaque and transparent 
bands about 440 and 200 a .  respectively.in width. The distance between 
these striations varied from about 400 to 900 a .  but the most frequently 
occurring spacings lay between 620 and 660 A ., values agreeing very
38 J .  A . D a u p h in e e  a n d  A . H u n te r , Biochem. J ., 1 9 30 , 8 4 , 1 1 2 8 ;  A .,  1930 , 1317 .
S . S a k a g u c h i, J .  Biochem, Japan, 1 9 25 , 5 , 159.
3« J .  H . B o w e s , Leather World, 19 4 2 , 34, 3 9 8 , 4 84  ; B . ,  1 9 42 , I I ,  3 03 , 3 8 9 .
, 87 J. Biol. Chem., 19 4 3 , 148, 6 03  ; A .,  1 9 43 , I ,  226 .
8* 1 0 5 ;  A ., 1943 , I I I ,  6 1 7 . - ' '
88 J. Amer. Leather Chem. Aaaoc., 1942 , 3 7 , 4 3 3  ; B .,  19 4 3 , I I ,  32 .
*8 W . T . A stbu ry , J .  Soc. Leather Trades' Chem., 1940 , 84, 6 9  ; B .,  1940 , 3 83 . W . T. 
A stbu ry  a n d  F . O . B e l l ,  Nature, 1 9 40 , 145, 4 21  ; 19 4 1 , 147, 690  ; A., 1 9 4 0 , I ,  199 ; 
1941 , I I ,  34 .
*^Chem. Rev., 1943 , 38 , 195 . ■
*8 J . Cell. Comp. Physiol., 1 9 42 , 80, 11 ; A .,  1943 , I I I ,  80 .
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closely with that for the long-chain X-ray spacing found by R. S. 
Bear in the same laboratories.*® The fibrils could be very greatly 
extended under tension, the spacings increasing to values greater than 
6000 A ., this extension mahily taking place in the transparent bands. 
The author suggest that this elongation is due to unfolding of the 
linear elements or protofibrils forming the collagen fibril and that this 
coiling must be very much more extensive than that pictured by W. T. 
Astbury*® as characteristic of a-keratin.
PR O C ESSES' P R E C E D IN G  T A N N IN G .
W. T. Roddy** has made a histological study of the distribution of the 
coagulable proteins in various types of skins and the changes produced 
during soaking, liming, and other pretanning processes. He also con- . 
eiders methods of removing the coagulable protein and its effect on the 
physical properties of the finished leather.
The disinfection of hides suspected of contamination with the virus of 
foot and mouth disease continues to receive consideration. Sodium 
bifiuoride and sodium silicofluoride in concentrations of 1 in 5000 to 1 in 
10,000 have been found to kill the virus of vesicular stomatitis in twenty-' 
four hours.*® This virus, although closely related to that of foot and 
mouth disease, is non-pathogenic and there may, therefore, be some 
doubt whether the results obtained with it can be applied to the foot and 
mouth problem.
The chemistry of the unhairing process was reviewed in last year’s 
Report.*® During the past year M. J. Horn, D. B. Jones, and S. J. 
Ringel*’ have produced further evidence for the isolation of lanthionine 
from the acid hydrolysates of various alkali-treated proteins. L. R. 
MizeU and M. Harris*® have isolated lanthionine equivalent to 25—28% of 
the cystine lost by wool during alkaline treatment. These authors 
discuss the various theories put forward regarding the reaction of wool 
with alkali. They consider that these are not in agreement with certain 
of the experimental facts such as the failure to confirm the presence of 
thiol and aldehyde groups in alkali-treated wool, and they are of the 
opinion that the formation of lanthionine is one of the principal reactions 
involved.
E. R. Theis and W. A. Blum*® have studied the effect of pH, alkali, 
and pretreatment with sulphides or cyanides on the destruction and loss 
sulphur from hair during liming.
*8 J. Amer, Chem. Soc., 1 9 42 , 64, 7É7 ; A .,  1 9 4 2 ,1 , 231 .
' ** J . Amer. Leather Chem. Assoc., 1942 , 3 7 , 4 1 0 , 4 1 6  ; B .,  1943 , I I ,  32 .
** W . T . R o d d y  a n d  R . P .  H e r m o sa , ibid., 1943 , 3 8 , 98  ; B . ,  1943 , I I ,  2 6 6 .
** 0 .  A . M a n th e i a n d  A . E ic h h o m , J. Agric. Res., 1 9 41 , 6 3 , 41  ; B .,  1 9 42 , I I ,  4 1 5 .
*8 J .  H . B o w e s , Ann,. Repts., 1942 , 2 7 , 357 .
_ «  J .  Biol. Chem., 1942 , 144, 8 7 , 93 ; A .,  1942 , I I ,  338 .
*8 J .  Res. Nat. Btir. Stand., 1943 , 3 0 , 4 7 ;  Amer. Dyes tuff Rep., 19 4 3 , 32 , 14 5 ;
B . ,  1 9 43 , I I ,  2 4 9 .
*8 J .  Amer. Leather Chem. Assoc., 1943 , 3 8 , 6 8 ;  B . ,  1943 , I I ,  2 66 .
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T a n n i n g .
Vegetable Tanning.
Interest has been taken in the possibilities of extending the sources of 
tanning materials available in the United States. A  survey has been made 
of the natural tanning materials of the South-Eastern United States®® 
in which the distribution and tannin content of a wide variety of trees 
and shrubs have been examined. The sources of vegetable tannins in 
Florida have also been considered.®* I. B. Clarke, E. T. Sterner, and R. W. 
Frey®® find that the tannin content of Chinese chestnut grown in Maryland 
increases with age and its distribution becomes more uniform.
The threatened shortage of hydrolysable (pyrogallol) tannins is prob­
ably the cause of recent interest in the properties of this type of tannin. 
W. R. Atkin and S. D. Sourlangas®® have determined the titration curves 
of a number of the hydrolysable tannins before and after extraction with 
ether. On the supposition that extraction with ether only removes the 
non-tannin acids, they conclude that the tannin molecules of chestnut, 
valonia, myrobalan, divi-divi, and algarobiUa contain a free carboxyl 
group whereas those of gallotannic acid and sumach do not. They 
attribute the acidity of gallotannic acid solutions to the presence of gallic 
acid as an impurity.
The acidic properties of the hydrolysable tannins can in part be repro­
duced by the addition of acids to the condensed tannins and the production 
of a substitute for chestnut wood extract, by the addition of citric or 
tartaric acids to mimosa extract, has been described.®* D. Jordan Lloyd®® 
draws attention to the possible effect of the deposition in the leather 
of ellagio acid derived from the pyrogallol tannins during layering and 
hot-pitting. Factors governing the deposition of ellagio acid from 
valonia have been examined by H. Anderson and S. D. Sourlangas.®®
E. D. Compton®’ has commenced a study of the particle size of tannin 
solutions by ultra-filtration methods. In solutions of ordinary quebracho 
he finds no change in particle size either with concentration of tannin or 
on the addition of synthetic tannins.
The hypotheses which have been put forward with regard to the 
mechanism of the fixation of vegetable tannins by coUagen were discussed 
in these Reports two years ago.®® The work published since that date 
tends to favour an adsorptive mechanism. A. Cheshire®® has studied the 
equilibrium between vegetable-tanned leathers and water and the
*8 A . R u s s e ll ,  J. Amer. Leather Chem. Asaoe., 1942 , 37, 3 4 0 ;  B . ,  1 9 42 , I I ,  4 1 6 . 
Ibid., 1943 , 38, 3 0 , 144 , 2 35 , 3 5 5 ;  B .,  1943 , I I ,  232 , 267 , 334.
8^  W . D . M a y  a n d  E .  E . F r a h m , ibid., 21 0  ; B . ,  1943 , I I ,  3 3 0 .
*3 Ibid., 1942 , 37, 591 ; B .,  1943 , I I ,  233 .
83 J . Soc. Leather Trades' Chem., 1943 , 27, 183 ; B .,  1943 , I I ,  362 .
8* R . H o d g s o n  a n d  S o n s , L td .,  a n d  A . C h esh ire, B .P .  5 4 8 ,5 9 4  ; B .,  1943 , I I ,  34 .
88 J .  Soc. Leather Trades' Chem., 1943 , 2 7 , 2 0  ; B .,  1943 , I I ,  163.
88 Ibid., 1942 , 26, 4 9  ; B . ,  1942 , I I ,  2 45 .
87 J. Amer. Leather Chem. Assoc., 1942 , 37, 4 8 6 , 59 8  ; B . ,  1 9 43 , I I ,  67 , 233 .
88 M . P .  B a lfe ,  Ann. Repts., 1 9 41 , 26, 3 56 .
89 J. Soc. Leather Trades' Chem., 1 9 43 , 27, 123, 145 ; B . ,  1943 , I I ,  362 .
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desorption of tannin from leathers in solvents other than water and relates 
these phenomena to the surface tension of the solutions in question. He 
describes tanning as a polar adsorption and considers that it is due to the 
concentration of the colloidal tannin particles at the coUagen-water inter­
face as a result of polar charges. R. M. LoUar/® continuing the work of 
E. E. Doherty®* on the uptake of tannins by hide powder, also interprets his 
results as indicating that the uptake of quebracho is “sorptive” in nature. 
This term is used to include the possibilities of both adsorption and 
absorption. The work of P. C. Chang, C. T. Yen, and I. L. Yoh®® on the 
effect of concentration on the fixation of soluble matter from valonia 
extracts by hide powder is also in agreement with the “sorption” theory of 
tanning.
It  is difficult to say, however, where adsorption of tannin ceases and 
chemical combination begins. The effect of modification of the active 
groups of coUagen on the fixation of tannin, for instance by deamination, 
is perhaps more plausibly explained on the basis of chemical combination 
than by adsorption, altliough change in the number of positively or 
negatively charged groups in the coUagen molecule is also likely to affect 
adsorption. I t  is also doubtful whether adsorption alone can account for 
the comparatively high thermal stabihty of vegetable-tanned leather and 
a number of workers®®’ ®®’ ®* are of the opinion that this stabihty is due to 
the formation of cross-links between adjacent polypeptide chains by 
means of the tannin molecules.
E. R. Theis and W. H. Blum®® have studied the effect of various 
vegetable tannins and other organic compounds on the shrinkage tempera­
ture of coUagen. On the .basis of the observation that the vegetable 
tannins and benzoquinone increase the shrinkage temperature whUst 
phenol does not, they conclude that increase in thermal stabihty is due to 
the formation of cross-links between adjacent polypeptide chains. Phenol, 
being capable of reaction with only one active group of coUagen, is not able 
to form such links. Benzoquinone, on the other hand, with which there is 
the possibUity of combination with two active groups thus linking two 
polypeptide chains together, caused a marked increase in thermal stabüity. 
J. L. Stoves®® also finds that benzoquinone greatly increases the resistance 
of keratin fibres to stretching. From the effect at different pH values he 
concludes that the increased stabihty involves the formation of cross­
links between amino-groups in adjacent polypeptide chains as weU as 
rebuUding of the disulphide hnk.
Whatever the mechanism involved, the fixation of tannin by hide is 
. dependent on the accessibUity of the protein to the tannin. R. 0 . Page®®
J . Amer. Leather Chem. Assoc., 1943 , 3 8 , 51 ; B .,  1943 , H ,  2 67 .
P .  C. C h an g  a n d  E .  E . D o h e r ty , ibid., 1941 , 36, 160 ; B .,  1941 , I I ,  243 . E .  E .  
D o h e r ty  a n d  W . R e tz s c h , ibid., 4 4 2  ; B .,  1941 , I I ,  4 47 .
«3 J , Chinese Chem. Soc., 1942, 9, 82 ; B .,  1943 , I I ,  300 .
83 J .  Amer. Leather Chem. Assoc., 1942 , 37, 553  ; B .,  1943 , H ,  137.
88 J .  A . W ilso n  a n d  I .  H . F o r th , ibid., 1943 , 38 , 20  ; B .,  1943 , I I ,  2 32 .
88 Trans. Faraday Soc., 1943 , 39, 301 ; B .,  1944 , I I ,  37 .
88 J .  Soc. Leather Trades' Chem., 1943 , 27, 116 ; B . ,  1943 , I I ,  3 01 .
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is of the opinion that the distribution of tannin in vegetable-tanned leather 
is dependent on the degree of swelling ; the greater is the swelling the more 
easily can the taimin molecules penetrate. He finds that if the tan is 
allowed to penetrate through about one third of the thickness, the hide 
then swollen in acid, and the tannage completed, there is more tannin 
fixed in the mner than the outer layers. The use of acetone solutions of 
tannin in the early stages, to facihtate the penetration of tan, has been 
suggested by W. T. Roddy.®’
A. Cheshire and N. L. Holmes®® have studied the equilibrium in 
leather-water systems at various concentrations. The results obtained 
suggested that all the water in the systems was not free to act as 
solvent. The bound water was determined by a number of methods 
and a probable value of about 50% on the hide substance was 
obtained. H. C. Holland,®® however, considers that moisture is also 
bound by the tanning material. He has studied the effect of increasing 
degree of tannage on the moisture content of various leathers and appor­
tions this moisture to hide substance, water-solubles, and fixed tan on the 
basis of the moisture held by these separately under the same conditions. 
He points out that if the moisture content is calculated on a hide sub­
stance basis the improbable result of increasing hydration with increasing 
degree of tannage is obtained. On his interpretation of the distribution of 
the moisture, however, the hydration of the hide substance decreases with 
the degree of tannage in vegetable-tanned leathers except in the case of 
mimosa tannage. With chrome leather, tannage with chromium salts did 
not affect the amount of moisture associated with hide substance.
M ineral Tanning.
Little work has been published on this subject during the past year. 
E. Elod’® has continued his controversy with A. Küntzel on tlie inter­
pretation of the light-absorption of chromium salts solutions in the 
presence of amino-acids and gelatin.
G. D. McLaughlin and R. S. Adams’* have published a further paper on 
the mechanism of chromium sulphate tannage in which they discuss the 
effect of various methods of removing the excess of solution from the 
leather on the amount of chromium and sulphate bound. S. G. Shuttle- 
worth’® has developed a conductometric titration technique for the 
elucidation of the structure of complex chromium cations by which he 
claims that the number and proportion of the acidic and hydroxyl groups
“7 J ,  Amer. Leather Chem. Aasoc., 1943 , 38, 184 ; B . ,  1943 , I I ,  2 6 7 .
8® J. Soc. Leather Trades' Chem., 1942 , 28, 23 7  ; B .,  1943 , I I ,  33 .
89 Ibid., 1943 , 2 7 , 207  ; B . ,  1943 , I I ,  3 9 7 .
70 E . E lo d , T . S c h a c h o w s k o y , a n d  T . d e  C. M eyer , Kolloid-Z., 1 9 4 2 ,‘28, 341 ; B .,
1942 , I I ,  4 4 8 .
71 J. Amer. Leather Chem. Assoc., 1942 , 37, 53 0  ; B . ,  1 9 43 , I I ,  137 .
’^Leather Ind. Res. Inst. {S. A fr.), 1942 , 2 , 4 4 ;  J , Soc. Leather Trades' Chem.,
1943 , 27 , 104 ; B . ,  1943 , I I ,  267 .
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inside and outside the complex can be estimated. He finds that chrome 
Hquors produced by reduction of sodium dichromate with sulphur dioxide 
are mainly composed of a 3 3 basic chromium sulphate complex con­
taining non-ionised hydroxyl and sulphate groups. On the addition of 
alkah a 66|%  basic complex is formed in which 75% of the hydroxyl and 
all the sulphate groups are covalently linked to chromium atoms.
The results of investigations on the effect of organic acids on the uptake 
of chromium have been appHed to the practical aspects of leather manu­
facture.’®
With regard to the use of metals other than chromium, the possibiHty 
of iron-chromium combination tannages has been considered’* and the 
use of zirconium salts for tanning has been described’®. The effect 
of aluminium salts on the shrinkage temperature of collagen has been 
examined by E. R. Theis,’® who considers that although the increases in 
thermal stabihty suggests that cross-links are formed between adjacent 
polypeptide chains by means of the aluminium complex, such links are less 
stable than the corresponding chromium Hmks.
The retannage of vegetable-tanned leather with chromium and alumin­
ium salts has received some attention. P. S. Briggs”  has studied the 
semichrome process, i.e., the retannage with chromium salts of vegetable- 
tanned leather from which the tan has been partly stripped with alkah. 
He finds that the amount of chromium fixed, especiaUy in the first stages 
of tanning, is dependent on the amount of alkah used. For this reason it 
is suggested that the chrome hquor should be added gradually in order to 
avoid drawn grain. The fixation of chromium was also dependent on the 
basicity of the chrome hquor and the length of time during which the 
skins were horsed up after tanning,
C. W. Beebe and R. W. Frey’® have compared the properties of various 
types of vegetable-tanned leather retanned with aluminium and chromium 
salts. Retannage increased the permeabihty to air and the resistance to 
wetting, and decreased the absorption of water, but did not affect the 
permeabihty to water vapour. The shrinkage temperature was raised 
considerably but the strength, whether mieasured as tensile strength or 
resistance to tearing or bursting, was unchanged. The aluminium- 
retanned leathers were at least equal and in many cases superior to the 
chrome-retanned leathers in strength and resistance to heat and acids.
78 J .  B iu -ch ill, A . S . C a llagh an , a n d  R . E .  H u n n a m , J .  Soc. Leather Trades' Chem., 
1943 , 27, 83 ; B . ,  1943 , I I ,  301 .
7* K . F .  R u p p e n th a l a n d  J .  P .  M alik , J . A m er. Leather Chem. A ssoc., 1 9 43 , 38, 148 ;
B . ,  1 9 43 , I I ,  3 0 1 . B .  M . D a s , B . N .  P a l ,  a n d M . C h au d h u ri, J . Soc. Leather Trades' 
Chem ., 1943 , 27, 119 ; B .,  1943 , I I ,  301 .
78 H . G . T u r le y  a n d  I .  C. S o m erv ille , J . A m er. Leather Chem. A ssoc., 1942 , 37, 381 , 
391 ; B .,  1942 , I I ,  448  ; 1943 , 38, 3 26 .
78 T W .,  4 9 9 ;  B .,  19 4 3 , I I ,  67 . '
77 J .  Soc. Leather Trades' Chem ., 1943 , 27, 2 ; B . ,  1943 , I I ,  137.
78 J . A m er. Leather Chem. A^soc., 1942 , 37 , 4 7 8 , 5 39  ; B . ,  1943 , I I ,  33 , 137.
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Formaldehyde Tanning.
K. H. Gustavson’® has studied the formaldehyde-collagen reaction in 
some detail, investigating the fixation of formaldehyde by collagen and 
deaminated collagen under various conditions and its effect on the stability 
of collagen as measured by the shrinkage temperature, resistance to 
tryptic digestion, and swelling. He concludes that increased stability 
is connected with fixation of formaldehyde by the e-amino-groups of the 
lysine residues in such a way that cross-finks are formed between adjacent 
polypeptide chains. Although there was an appreciable fixation of form­
aldehyde by the guanidine groups of arginine, and possibly also by the 
peptide groups, this did not affect the stability of the collagen. In acid 
solutions, with high concentrations of formaldehyde, appreciable amounts 
of formaldehyde were fixed and there was an appreciable increase of 
stability, depending on the time of treatment. It is suggested that in the 
presence of large amounts of formaldehyde the equilibrium between 
charged and uncharged amino-groups is displaced by the reaction of the 
uncharged groups with formaldehyde so that an appreciable number 
of such groups eventually combme with formaldehyde.
K . H. Gustavson also finds that comparatively large amounts of 
formaldehyde combine with vegetable- and chrome-tanned leather, 
producing a marked increase in thermal stability. The same effect was 
observed by E. R. Theis and W. A. Blum,®® who suggest that the 
formaldehyde either acts as an independent tanning agent forming 
additional cross-links or causes polymerisation of the tannin molecules 
giving increased size and, therefore, greater tanning effect.
The reactions of formaldehyde with amino-acids and other proteins are 
also of interest as they may throw further light on the mechanism of the 
combination of formaldehyde with collagen. E. H. Frieden, M. S. Dunn, 
and C. D. Coryell®® have studied the equilibrium between yarious amino- 
acids and formaldehyde, using polarimetric and titration methods ; they  
conclude that in most cases two molecules of formaldehyde are combined 
with each amino-group. D. C. Carpenter and F. E. Lovelace,®* using 
similar methods, conclude that with glutamic and aspartic acids each 
amino-group reacts initially with one molecule of formaldehyde, followed, 
when the concentration of formaldehyde is high, by a second molecule. 
Substituents in the side-chains affected the amount of excess of aldehyde 
necessary for the second reaction to take place ; twice as much excess of
aldehyde was needed with glutamic acid as with aspartic acid. I t  does
not follow that the compounds which exist in solution can be isolated, 
and Carpenter and Lovelace were unable to isolate their diformyl 
derivatives. A. K. Smith, P. Handler, and J. N. Mrgudich®® have
. 7» K ollo id -Z ., 1 9 4 3 ,103, 43 ; A ., 1944 , I I ,  27 .
80 J . P h ysica l Chem., 1942 , 46, 21 5  ; 1 9 43 , 47, 10, 20 , 8 5 , 118 ; A .,  1 9 4 2 ,1, 2 0 4  ; 1943 , 
I ,  181 , 2 0 1 .
81 J .  A m er. Chem. Soc., 65, 1161 ; A .,  1 9 4 3 , I I ,  2 9 4 .
88 J .  P h ysica l Chem ., 1940 , 44, 8 7 4  ; A .,  1941 , I I ,  60.
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prepared the formaldehyde derivatives of lysine, arginine, and 
histidine with the object of gaining further information on the mode of 
reaction of formaldehyde with the residues of these amino-acids in the 
intact protein molecule. Analyses most nearly agree with fixation of 
three molecules of formaldehyde by each amino-acid and it is suggested 
that the formaldehyde forms a cross-link between the two basic groups of 
these amino-acids.
With regard to the reaction of formaldehyde with other proteins it has 
been suggested that the reaction of formaldehyde with keratin involves 
combination with cysteine residues as well as with amino-groups.®® 
W. R. Middlebrook and H. Phillips,®* however, are of the opinion that the 
reaction does not take place at ordinary temperatures, except at pH  
values above 9 0. R. L. Hegmann®® also could find no evidence of this 
reaction. J. L. Stoves®® has studied the effect of formaldehyde on the 
resistance of keratin fibres to extension. He considers that stabilising 
links of various types are formed depending on the pH, and that certain 
of these involve reaction with cysteine.
P h y s i c a l  P r o p e r t i e s .
The importance of the physical as well as the chemical properties of 
leather is now receiving more recognition.
The Physical Testing Committee of the American Leather Chemists 
Association®’ has been active in the past year and has considered physical 
tests for leather covering a wide field. These include revised methods for 
measuring bursting and tearing strength, resistance to abrasion, indenta­
tion, flexural fatigue, and deterioration at high temperatures.
An account of the various properties of leather which have received 
attention and their dependence on the structure of the original skin has 
been given by D. Jordan Lloyd.®® Although tanning can modify, it 
cannot destroy, the original properties of the skin. N ot only are there 
variations in properties in different parts of the skin, but certain properties 
may also vary in different directions.®®’®® J. H.R.  Bisschop, A. Gardner, 
J. Sebba, and S.G. Shuttleworth®® have studied the relations between the 
breed of animal and the sole leather produced. The leather from each 
type of hide (Afrikander, Sussex, Red Poll, and Friesland) had a charac­
teristic fibre structure. With regard to resistance to abrasion, however, 
there was little variation either with breed or age of the animal.
8* J .  H . B o w e s  a n d  W . B .  P le a s s , J . Soc. Leather Trades’ Chem., 1939 , 23, 3 65 , 4 5 3  ;
B .,  1939 , 972 , 1154 .
84Bioc7iem . J . ,  1942 , 36 , 2 9 4 ;  A ., 1942 , I I I ,  612 . '
88 J . Amer. Leather Chem. Assoc., 1942 , 37, 27 6  ; B . ,  1942 , I I ,  350 .
88 Trans. Faraday Soc., 1943, 39, 2 9 4  ; B .,  1944 , I I ,  37.
87 J. Amer. Leather Chem. Assoc., 1943 , 38, 2 , 48 , 135, 176 , 3 08 , 311 , 313 ; B .,  1943, 
I I ,  267  ; 1944 , I I ,  27 .
88 J. Soc. Leather Trades' Chem., 1943 , 27, 2 46  ; B .,  1944, I I ,  57 .
88 G . O . C on ab ere , ibid., 1941 , 25, 298 , 3 05 , 319  ; B .,  1941, I I ,  406  ; B . ,  1942 , I I ,  126. 
L . A . W h itm o r e , G . V . D o w n in g , a n d  W . B . H u d so n , ibid., 1940 , 24, 701 ; B .,  1941 , I I ,  
103.
88 Ibid., 1943 , 27, 94  ; B . ,  1943 , I I ,  300 . .
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The possibility of combining water-resistance with permeability to air 
and water vajiour is an important characteristic of leather. Methods 
which have been devised for measurmg these properties are mentioned by
D. Jordan Lloyd.®® M. Maeser®* has developed a method for measuring 
the air-permeability of light leather; the data obtained indicate that 
provided the leather can be kept flat without affecting its permeability, 
the passage of air through the leather obeys Poiseuille’s law.
The density of leather is related to its porosity as it gives an indication 
of the air spaces in the leather. H. Rose®® has determined both the true 
and apparent density of a large number of leathers. He introduces the 
concept of void numbers, which are values representing the volume of air 
per unit volume of leather substance. Values for true and apparent 
density were found to vary widely from skin to skin but the physical 
characteristics of the leather, such as feel and springiness, could be 
expressed to a considerable extent in terms of void numbers. In any one 
skin the true density tended to be constant but the apparent density 
varied with the location of the sample.
J. R. Kanagy and E. L. Wallace®® have also studied the significance of 
the density of leather. They find that apparent density is a more sensitive 
characteristic of the leather than true density. There was some relation­
ship between the percentage of air space in the leather and its permeability 
to air and water vapour provided grease or wax was not present in large 
amounts.
The physical properties of alum- and chrome-retanned leathers have 
been compared’® (see page 331) ; accelerated ageing tests on these leathers 
show that retannage, especially with aluminium salts, increases the resist­
ance to acid deterioration. J. R. Kanagy and P. E. Tobias,®* however, 
find that lace leathers tanned only with aluminium salts are much less 
resistant to accelerated ageing than chrome or Indian (vegetable-) 
tanned leathers. G. 0 . Conabere and E. W. Merry®® have carried out an 
exhaustive examination of the chemical and physical characteristics of 
sole leather and relate the physical properties to certain features of the 
fibre structure.
The effect of impregnation with oils, greases, and waxes on the pro­
perties of vegetable-tanned sole leather has been investigated by R. M. 
Koppenhoefer and R. P. Hermoso.®® Impregnation with oils made the 
leather more resistant to water and to abrasion, the effect being related to 
the viscosity rather than to the composition of the oil. Impregnation 
with waxes and greases also increased the resistance to water and to 
abrasion, but the process of impregnation was more difficult.
J. Amer. Leather Chem. Aaaoc., 1943 , 38 , 3 ; B . ,  1943 , I I ,  2 33 .
*^Ibid., 1 0 7 ;  B .,  1943 , 1 1 ,-2 6 7 .
M J W . ,  3 1 4 ;  B . ,  1 9 44 , I I ,  27 .
88 J. Rea. Nat. Bur. Stand.; 1942 , 2 9 , 61 ; B .,  1942 , I I ,  449 .
. 83.7. Soc. Leather Trades' Chem., 1943 , 27 , 39 , 59  ; B .,  1943 , I I ,  2 0 2 , 233 .
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The effect of perspiration on chrome-tanned leather has been investi­
gated by A. Colin-Russ.®’ The resistance to perspiration increased with 
chromium content and basicity of the chrome complex but decreased with 
increase in pH.
A n a l y t i c a l  M l t i i o d s ..
M. Nierenstein and I. Tryon®® suggest triglycylglycine as a qualitative 
reagent for tannins ; it yields characteristic precipitates with tannins and 
tànnin-hke substances, such as gaUoyl derivatives of glycol, glycerol, 
erythritol, and mannitol.
Arising from his work with N. L. Holmes on the equilibrium in leather- 
water systems,®® A. Cheshire®® points out that appreciable errors in the 
determination of non-tannins may arise in the shake method of tannin 
analysis, owing to the fact that the water bound by the collagen is not 
taken into account.
R. 0 . Page and R. C. Holland*®® have studied the effect of the state of 
division on the removal of water-soluble material from leather. The total 
amount of material removed by the Wüson-Kern method of extraction 
increased with the fineness of subdivision of the samples ; the free water- 
solubles were not affected except that with large pieces longer time was 
required to reach equilibrium.
A method of investigating the acids and salts in complex mixtures by a 
conductometric technique has been devised by R. S. Airs and M. P. 
Balfe*®* and has been applied to the analysis of tan liquors. By suitably 
controlling the end-points of the titrations it is possible to separate the 
acids present into three groups according to their strength. The method 
may be somewhat elaborate for works control but suitable conducto­
metric or potentiometric*®® titration methods for determining the acid 
and salt content of tan liquors are likely to prove of value in tannery 
control.
H. G. Turley and P. P. Cronin*®® have continued their work on the 
analysis of sulphited extracts and have applied their methods to the study 
of the reaction of bisulphite with ordinary quebracho extract.
«7 J. Hygiene, 1943 , 43, 7 2 ; B . ,  1943, I I ,  233 . ' ' '
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